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7 *PON my firſt 1 
= to Mathematicks the follow- 
Nj ing Treatiſe was compoled 
on by me when very young, 
rather as an Exerciſe to myſelf than 
with any Deſign of publiſhing it; but 
upon ſhowing it to ſome Friends, they 
were pleaſed to think it a proper 'Trea- 
tiſe to teach Youth by, which was the 
principal Reaſon of my venturing to 
make 
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DEDICATION. 
make it publick. The favourable Re- 


ception it has met with ſince it was 


firſt publiſhed, makes me flatter myſelf 
that it is of ſome Uſe, and as ſuch Your 


known Candour and Humanity and 
Zeal for any thing uſeful to Society, 


emboldens me to lay it under Your 
Protection. But when J conſider the 


high Character You ſo juſtly poſſes, 
both as a conſummate General and 
fincere Promoter of uſeful Knowledge, 


I am fully ſenſible of the Unworthineſs 


of this Offering ; however if You are 


pleaſed to accept of it, I ſhall have 
this Benefit by it, of declaring pub- 
lickly that I am with the genes 
Reſpect, : 


5 1 R, 
Your nf olle, 
and moſt Obedient, 
Humble Servant, 


Archibald Patoun, 


875 
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HEN E are ſo many Books of Na- 
CSR v/gation already extant, that it 
5 4 7 BY may ſeem impertinent to trouble the 
RETIRE) //or/d with a new One: eſpecially 
2 fince ſome good Mathematicians, both 
at Home and Abroad, and many. who were per- 


4 — 2 
— 
— —_— —_ 


3 Ba fed Maſters of the Practice, have written on 


this Subject. The former of theſe being fond of 
ingenious Speculations, have generally been tco 
prolix on the Theory, and too * ſhort on the practi- 
cal Part, Whereas the latter have in à great 
Meaſure neglected the Theory, and not being very 
follicitous about Language or Method, have deli 
vered the practical Rules in ſuch a Manner, as 
they cannot be eafily comprehended, and much leſs 
remembered, efpectally fince there is ſeldom Men- 


ton made of the Reaſons on which they depend. 
e PET But 


wii The PREFACE. 


But I am very fp {vi fling fault with 
al the Books on this Subject; for there are fome 
ry full both on Theory and Practice, againſt 
wk J have no. other Objefion, but that they 
are too tedious to be taught, and 700 dear to be N 


 purchaſ '@ by 22 People. 


Youth ourht to learn the Elements from ſhorter 
Treatiſes, and afterwards at their Leiſure 
ſhould read general Sy/tems, in order to . 


Fhem. 


For theſe Reaſons, T have ventured to publ. 5 
this fmail Treatiſe ; wherein I have made it my 
chref Buſineſs to keep a due Medium betwixt the 
two Extreams, into which the ſpeculative Wri- 
ters on ihe one Hand, and the practical Ones on 
the Other, are apt to run. I have laid down all 


tbe uſe ful Rutes, and tr 1 the Reader with no 


Menſuration, Surveying, and Gauging, end 
 ſhewed how they are ' apple 22d to P- acbice, in order 


End for which it is dejigned, namely, the In- 


Aruction of the young Gentlemen educated at the 
Pull CR BC hooks. 


| A, for the particular Contents of each Section, 
the Reader will ind them after this Preface, and 
therefore they need not be repeated here. I ſhall 
only objerve, that I have deſgnedly omitted Great 
Circle Sailin 2, 45 being only Jpecuiatt zVe, and de- 


fend ing | 


more of the Theory than is neceſſary to explain 
them. I have alſs explained the Principles of 


that my Book might better anſwer the particular | 
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1 The PREFACE is 
4 pending on Spherical Trigonometry, which would 
require a particular Volume to explain it. There 
are indeed two or three Problems neceſſary in 
Practice, which depend on the Reſolution of Sphe- 
rical Triangles ; but for the Solution of theſe, 1 
= have laid down ſuch clear and ſhort Rules, that 
nobody can miſtake the Manner of applying 
tem. 5 


\ 
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I know ſome are of Opinion, that the Demon- 
2 Frrations are not to be eaſily learnt by every Capa- 
city, on which Account they teach the Practice 
"3 only. This Book is therefore ſo written as to 
3 ſerve for their Purpoſe likewiſe, becauſe they may 
take the Rules alone without their Reaſons. It 
is true indeed, that there may be great Difficulty 
in finding out a proper Demonſtration ; but after 
it is found, it is eafier to be underſtood than that 
= of which it is the Reaſon: and therefore they 
* who are not capable of underſianding the De- 
= monſtrations, are much leſs capable of under- 
= MFanding the practical Rules which depend on 
= them. And I am inchned to believe, that what 
is commonly attributed to Want of Genius in thh 
Scholar, is often owing to Want of Method and 
 Perſpicuity in the Maſter. | 


. 5 prepart ng this Treatiſe for the Prefs, I 
= own myſelf obliged to Mr STiRLiNG, F. R. 8. 
= who on bis firſt ſeeing my Papers, ſo far ap- 
= proved both of the Matter. they contained, and 
= of the Order in which they were put together, 
as to think them fit to be mad: publick with very 
little Alteration, 

ER. [ a ] | | TI Ac. 
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x The PREFACE. 


T acknowledge myſelf alſo oblig red to that moſt 


excellent Book of Mr Hoposon, intituled, A 
Syſtem of Mathematicks, which I take to be oy 


far the moſt complete 75 caliſe on ibis Subject, 
bath as to Theory and Practice. 


The  favanrable Reception this Work has met 
with from the Publick, has induced me carefully 
to reviſe the Whole, and make © ſome conſiderable 


Alterations, I hope for the better. If it an- 
foers the End I defigned, which is the Good of 


the Pubic , I have my Ain | 
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NAVIGATION. 


DE E Fl NITION. 


other. 


ſome Parts 


9 AVIGATION is that Art 
whereby we are enabled to carry 
a Ship from one Port to an- 


This Science 8 upon 


of the Mathema- 


tics, which muſt be known be- 


G fore we can treat of it; therefore 
arſt 1 lay down the Principles of Geometry. 


B 


SECT, 


2 SGeometrical Propoſitions. 


SECT. I. 


| of fuck Geometrical Propoſitions as are abſolutely wee | 


_ ſary for Navica TION. 


ART. 1. EOMET RY is chat Science where- 
. in we conſider the Properties of Mag- 


nmitude. 


2. A Point is that which is not made up of Parts, 


or which is of itſelf indiviſible, as A @ 
3. A Line is a Length without Breadth, as 
B 


4. The Extremities of a Lie are Points; as the 
Extremities of the Line A B, are the Points A and B. 


c 


5. If the Line A B be the neareſt Diſtance be- 


tween it's Extreams A and B, then it is called a ſtrait 
Line, as A B in the former Fi igure; but if it be not 


the neareſt Diſtance, then it is called a curve Line, 
as AB. - 


” 


6. A Surface is that which is conſidered as having 


*** 


only Length and Breadth, but no Thickneſs, as B. 


—— 


iS The Targa of a "RW are . 


A plain Surface is that which lies equally between 


it it's OD; 


9. The Inclination between two Lines meeting 
one another, ( nee they do not make one con- 


tinued 


1 


8 


KT 


ved, it is called a curve lined Angle, as C. 


Ends C, and the other End D, 
be e quite round, then the 
Space comprehended is called a 


Geometrical Propoſitions. : 3 


the Line) or the Opening between _ is called 


an Angle; thus the Inclina- 
tion of the Line A B to the 
Line CB, meeting one ano- 
ther at B, or the Opening be- B 
tween the two Lines AB and | 

CB, is called an Angle. 

10. When the Lines forming the Angle are right 
Lines, then it is-called a right lined Angle, as A; 
if one of them be right and the other curved, it is 
called a mixed Angle, as B; if both of them be cur- 


* 


* 


11. If a right Line, A B, fall upon another D 8 
ſo as to incline neither to the IA 


one ſide nor to the other, but 


make the Angles A B D, 
ABC on each ſide equal to 
one another, then the Line v— 


AB is ſaid to be perpendiſtu 8 e 1 


lar to the Line DC; and the two Angles are called 


Right Angles. 


12. An obtuſe Angle is that which is greater than 


a right one, as A; and an acute Angle, that which 
is leſs than a right one as 83. 


13. If a "Hake Line D C be 3 at one of i it's 


Circle; the curve Line deſcribed ' 
by the Point D, is called the 
Periphery or Circumference of the 


B 2 Circle; 


4 Geometrical Propofitions. 
14. The deſcribing Line, CD, is called the Radius, 
viz. any Line drawn from the Center to the Circum- 
ference ; whence all Radii of the ſame or equal Circles 
are equal. 9 | = 3 

15. Any Line drawn through the Center, and ter- 


minated both ways by the Circumference, is called a 
Diameter, as B D is a Diameter of the Circle B A 


DE. And the Diameter divides the Circle and 
Circumference into two equal Parts, and is double 
the Radius. 2 e 


16. The Circumference of every Circle is ſuppoſed 
to be divided into 360 equal Parts, called Degrees # 


and each Degree is divided into 60 equal Parts, 
called Minutes; and each Minute into 60 equal Parts, 
called Seconds; and theſe into Thirds, Fourths, &c. 


| theſe Parts being greater or leſs according as the Ra- 


dius is. ; | : 80280 
17. Any Part of the Circumference is called an 
Arch, or Arc; and is called an Arc of as many De- 


grees as it contains Parts of the 360, into which the 


Circumference was divided: Thus if A D (in the 
former Figure) be the + of the Circumference, then 
the Arc AD is an Arc of 45 Degrees. 5 


18. A Line drawn from one 


called a Chord, and is the Mea- 
ſure of the Arc; thus the right 
Line A B is the Chord of the 
AC'ADS..: . 


19. Any Part of a Circle cut off by a Chord, is 
called a Segment ; thus the Space comprehended be- 
tween the Chord A B and Circumference A D B 
(Which is cut off by the Chord A B) is called a Seg- 
ment. Whence it is plain, . 1 

i/t, 


Circle; the fixed Point C is called the Center of 


End of an Arc to the other, is 


e 
ES 


_— = 
—* 
Wo \ 


2: vill DE ern 


* | 8 8 J 


Segments. 


each a Semicircle. 


20. Any Part of a Circle (leſs than 

a Semicircle) contained between two 
Radii and an Arc, is called a Sector; 
thus the Space contained between the 
two Radu, A C, B C, and the Arch 


A B, is called a Sector. 


As Propoſitions. * 
1ſt, That all Chords divide the Circle into two 


*\ 


_ 2dly, The leſs the Chord i is, the more une qual are 
the Segments, and e contra. 
3dly, When the Chord is greateſt, viz. when it 1s 
2 Diameter, then the Segments are equal, viz. 


A 


21. The right Sine of any Arc, is a Line drawn 


perpendicular from one 


End of the Arc, to a Dia- 
meter drawn through the 
other End of the ſame Arc; 
thus AD is the right Sine 
of the Arc A B, it being 


a Line drawn from! A, the 
one End of the Arc A B, 


perpendicular to FB, a 
Diameter paſſing through 
B, the other End of the 
Arc A B. 


Now the Lines fading on the ſame Diameter ſtill 


increaſe till they come to the Center, and then becom- 
ing the Radius, it is plain that the Radius E, C is the 
greateſt poſſible Sine, and for that Reaſon 1 it Is called 
the Whote-Sine. 


Since the Whole-Sine EC 800 be Fer aer 


cing the Diameter E G, 


to the Diameter F B (by Def. 21.) therefore produ- 
the two Diameters F B. 


E G, muſt croſs one another at right Angles; an 
ſo the Circumference of the Circle muſt be divided 


by them into four Parts E B, BG, GE, and F E, and 
3 this. 


Radius being the Sine of a 
Part of the Circumference, which contains 90 De- 
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6 Geometrical Propoſitions. 


theſe four Parts are equal to one another. (by Def. 


11.) and fo EB a Quadrant, or fourth Part of the 


Circumference ; therefore the Radius E C is always 
the Sine of the Quadrant, or fourth Part of the 


Circle E. B. 


Sines are ſaid to be of o many Degrees, as the 


Arch contains Parts of the 360, into which the 


Circumference is ſuppoſed to be divided; ſo the 
uadrant, or fourth 


grees; (the fourth Part of 360) cherefore the Radius 
muſt be the Sine of go Degrees. 


22. That Part of the Radius comprehended be- 


tween the Extremity of the right Sine and the lower 


End of the Arch, viz. DB, is called the verſed Sine 
of the Arch AB. 


23. If to any Point in the Circumference, * VIZ. B, 


there be drawn a Diameter F C B, and from the 
Point B perpendicular to that Diameter, there be 


drawn the Line B II; that Line is called a Tangent 


to the Circle in the Point B; which Tangent can 


touch the Circle only in one Point B, elſe if it touch- 
ed it in more, it would go within it, and ſo not be a 


Tangent but a Chord. (by Art. 18.) . 
24. The Tangent of any Arch AB, is a right 


Line drawn perpendicular to a Diameter through 
the one End of the Arch B, and terminated by a © 
Line C A H, drawn from the Center through the *' 
other End A; thus B H is the Tangent ot the Arch 


A ng 
. And the Line which terminates the Tangent, 
W 2 H, is called the Secant of the Arch A B. 
26. What an Arch wants of a Quadrant is called 


the Complement of that Arch; thus A E being what 
the Arch AB wants of the Quadrant EB; is called 


the 9 of the Arch A B. T 
. And what an Arch wants of a 8 18 
called the Supplement ud that Arch; thus fince A F 


is 
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a Center, comprehended 


that form the Angle ; ; 


other, (as A B on CD) 


bing a Circle on the Cen- E 


Geometrical Proofs ions. 5 


is what the Arch A B wants of the Semicircle B A F, 


it is the Supplement of the Arch A B. 

28. The Sine, Tangent, Sc. of the Complement 
of any Arch, is called the Co-Sine, Co- Tangent, &c. 
of that Arch; thus the Sine, Tangent, Sc. of the 
Arch AE is called the Co- Sine, Co Tangent, Sc. of 


the Arch AB. 


29. The Sine of the Supplement of an Arch is the 
ſame with the Sine of the Arch itſelf, for drawing 
them according to the Definitions, there reſults the 
ſelf· ſame Line. 

30. A right lin'd Angle is meaſured 55 an Arch 
of a Circle deſcribed up- 
on the angular Point as 


between the two Legs 


thus the Angle AB D is 
meaſured by the Arch 


Ab of the Circle C ADE 

| that is deſcribed upon the Point Bas a Center; nd 
the Angle is ſaid to be of as many Degrees as the 
Arch is; fo if the Arch AD be 45 Degrees, then 


the Angle A B D is faid to be an Anglc of 45 De- 
grees. 

Hence Angles are greater or leſs according as the 
Arch deſcribed about the angular Point, and terminat- 
ed by the two Legs, contain a greater or leſs Number 


of Degrees. 


31: When one Line falls perpendicular on ane 


then the Angles are right : 
(by the #1th) and deſcri- 


ter B ſinee the Angles - * * 5 


ABC, ABD are equal, 


their Meaſures muſt be ſo too, i. e. is Andes A c, 
A DN nuit be equal ; but the whole CA is a Se⸗ 
| B 4 micircle, 


8 Geometrical Propoſitions. 


micircle, ſince C D, a Line paſſing through the Cen- 
ter B, is a Diameter, therefore each of the Parts A C, 
AD is a Quadrant, i. e. go Degrees; fo the Meaſure 
of a right Angle is always 90 Degrees. 

32. If one Line A 1 fall all any way upon another, 
CD, then the Sum of 
the two Angles A BC, 


Point B, deſcribing the Circle C AD, it is plain, 
that C AD is a Semicircle (by the 15) ; but CAD 
is equal to CA and AD the e of the two 
Angles; therefore the Sum of the two Angles is 
equal to a Semücircle, that is, to two right Angles 
(by the laſt). 

Cor. 1. From whence it is plain, that all the An- 
gles which can be made from a Point in any Line, 
towards one fide of the Line, are equal to two right 
Angles. 

2. And that all the Angles which can be made 
about a Point, are equal to four right ones. 


33. If one Line A C croſs another B D in the Point 
E, then the oppoſite Angles are 
BE A to CEP, and 
BEC =_ to AED. For up- 
on the Point E, as a Center, de- 
ſcribing the Circle A B C D, it is 
plain ABC is a Semicircle, as alſo, 


equal, Dix. 


BCD . the 15th) therefore the Arch ABC is equal 


to the Arch BCD; and from both taking the 
common Arch B C, there will remain A B equal to 
CD, i. e. the Angle B E A equal to the Angle 


CE D 555 Art. 30 4 AN the ame manner we 


wen. 


0 


34. Lines 


1 ABD is always equal 
1 to the Sum of two right 
5 Angles. For on the 


8 


Fi N 


1 


E F D, or CFE and 
FEB are equal; that 
is, the Angle AE F 


the Angle F E B, for 


6E is equal to A E F (by the 22d) nd CF His 
equal to E F D by the 8 but G E B is equal to 
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34. Lines which are RY 
equally diſtant from one __ A 1 2 
another are called Pa- | 
rallel Lines; as AB, 3 
'D 


CD. ts: "I" > 


— 


{Gi If a Line G H croſs two Parallels A B. C D, 
then the external oppoſite Angles are equal, viz. GEB 
equal to CFH and AEG equal to HFD. For ſince 
AB and CD are parallel to one another, they may 
be conſidered as one broad Line, and G H croſſing 
it; then the vertical or oppoſite Angles GEB, CFH 
are equal (by the 33d), as alſo AEG and H F by the 


ſame. 


36. If a Line G H croſs two Parallels AB, C o, 
ti the alternate An- 
gles, viz. AE F and 


is equal to the Angle 
E F D, and the An- 
gle CFE is equal to 


EH by the laſt. Therefore AE F is equal to 
EFD; the ſame way we may prove FE B equal to 


5 


. If a Line G H croſs two parallel Lines A B, 


Cc 5. then the external Angle GEB is equal to the 
internal oppolite one EFD, or GE A equal to CFE. 
For the Angle A E F is equal to the Angle EF D by 


the laſt; but A EF is equal GE B (by the 3 3d) there, 
fore GEB is equal to EFD; the ſame why: we an 
prove AEG e to CFE. 1 21 


* 
4 


1 » 
4 - * — * * —_ v , 
kt 
| | : | 8 If 
N . 4 7 ; 3 95 
. . : is 
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. If a Line G H croſs two parallel Lines A B, 
C N then the Sum of the two internal Angles, viz. 
B E. F and D F E, or A E Fand C F E are equal to 
two right Angles ; for ſince the Angle GE is equal 
to the Angle E FD (by the laſt), to both add the An- 
gle FEB, then G E B and BE F are equal to BEF 
and D FE; but GE B and B E F are equal to two 
right Angles (by the 32d), therefore BE F and DFE 
are alſo equal to two right Angles. * The fame way 
we may prove that A FE. F and CF E are equal to 
two right Angles. 

39. A Figure is any Part of Space bounded by 
Lines or a Line. If the bounding Lines be ſtrait, it 
is called a Rectilincal Figure as A; if they be curved, 
it is called a curvilineal Figure, as B or C; if they be 
partly curve Lines and Pay ſtrait, it is called a mixt 


Figure as D. 
OTOL Tow: 


40. The moſt ſimple W : 
Figure is that which is bounded by 
three. right Lines, and is called a 
Triangle, as A. 


41. Triangles are divided into different kinds, both 
with reſpect to their Sides and Angles : with reſpect 
to their Sides, they are commonly divided i into three 
kinds, viz. 

42. A Triangle having all it's three Sides equal to 
one another, is called an Equilateral T Tangle, as A. 

43 A Triangle having two of it's Sides equal to 
one another, and the third Side not equal to either of 
them, is called an J/oſceles Triangle, as B. 

44. A Triangle having none of it's Sides equal to 

one another, is called a Scalene Triangle, as Cc. 


45. Tri- 


— 


divided into three different kinds, viz. 

46. A Triangle having one of Angles right, is 
called a Right- Angled 7 riangle, as A. 

47. A Triangle having one of it's Angles obruſe; 
or greater than a right Angle, 18 called an Ovtufe- 
Angled- Triangle, as B. 

49. Laſtly, a Triatgla having all i it's Angle acute, 
is 2 an Acute- n riangle, as WF: 


49. In all right-angled Triangles, the Sides com- 
prehending the right Angle are A 
called e Fra and the Side op- | 
Poſite to the right Angle is called 
the Hypothenuſe. Thus in the right 
_ angled Triangle AB C (the right 


Angle bein ag at B) the two Sides A B and B c whack 


comprehen 


the right Angle ABC, are the Legs 


of the Triangle, and the Side A C, mach.” is oppoſite 


to the right Angle ABC, is the Hypothenuſe of the 
right- angled- Triangle ABC. 


o. Both obtuſe and acute angled Triangles are in 


23 called Oblique-Angled-Jriangles; in all which 


oF Side is called the Baſe, and the other two the 
des. 


51. The 
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2 Triangles with b dee to their Angles, are 
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51. The r Height of any Triangle is 
a Line drawn from the 


A Vertex to the Baſe perpen- 
dicularly ; thus if the Tri- 

| angle A B C be propoſed, 
B. ed and B C be made it's Baſe, 
1 5 D then A will be the Vertex 


viz. The Angle oppoſite to the Baſe; and if from A 
you draw the Line A D perpendicular to BC, then 


the Line AD is the Height of the Triangle A B C 
ſtanding on BC as it's Baſe, 

Hence all Triangles ſtanding between the ſume Pa- 
rallels have the ſame Height, ſince all the Perpendi- 
culars are Sw by the Nature of Parallels. 


Af— ans 52. A Figure bounded by 


four Sides is called a Juadri- 
lateral or NO Figure a as 


5 1 2 AB DC. 


53. Quadrilateral Figures whoſe oppoſite Sides are 


parallel, are called Parallelograms. Thus in the qua- 
drilateral Figure A B D C, if the Side A C be paral- 


lel to the Side BD which is oppoſite to it, and AB 


be parallel to CD, then the Fi igure ABD Ci 18 called 
a Parallelogram. 

54. A Parallelogram having all it's Sides equal and 
Angles right, is called a Square; as A. 
58. That which hath only the oppoſite Sides ca 
and it's Angles right, is called a Rectangle; as B. 

56. That which hath equal Sides but oblique An- 
gles, is called a On: as C; and is Juſt an x inclined 


Square. 5 
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- Fs 


3557. That which hath only the oppoſite Sides equal 
and the Angles oblique, is called a Rhomboides, as D; 
and may be conceived as an inclined Rectangle. 


— 


n 


38. When none of the Sides are parallel to an- 
bother, then the quadrilateral Figure is called a Tra- 
pexzium. VVV 
699. Every other right-lined Figure, that has more 
Sides than four is in general called a Polygon. And 
Fl igures are called by particular Names according to 
the Number of their Sides, viz. One of five Sides is 
called a Pentagon, of ſix a Hexagon, of ſeven a Hep- 
* Zagon, and ſo on. When the Sides forming the Poly- 
gion are equal to one another, the Figure is called a 
regular Figure or Polygon. „ 
60. In any Triangle ABC, one of it's Legs, as 
B C, being produced towards D, the external Angle 
ACD is equal to both the internal oppoſite ones taken 
together, viz. to ABC and BAC. In order to 
prove this, through C draw CE parallel to AB; 
then ſince CE is parallel to AB and the Lines AC 
and BD croſſeth them, the Angle E CD is equal to 
= ABC (by the 37th), and the Angle A CE equal to 
XZ CAB (by the 26th); therefore the Angles ECD 
and ECA are equal to the Angles ABC and CAB; 
but the Angles ECD and E CA are together equal 
to the Angle A CD; therefore the Angle ACD is 
equal to both the Angles A B C and CAB taken to- 
—_— . 
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Cor. Hence it may be proved, that if two Lines 


3 E/ WE. _ croſſed by a third Line 


5 E F, and the alternate 
Do Angles A E F and E 
— —x— P' b be equal, the Lines 
AB and CD will be 
a parallel; for if they 
are not parallel they muſt meet one another on one 


Side of the Line EF (ſuppoſe at G) and fo form the 
Triangle E F G, one of whoſe Sides G E being pro- 


duced to A, the exterior Angle AE F mult (by 
this Article) be equal to the Sum of the two Angles 
E F G and E G F, but, by Suppoſition, it is equal 
to the Angle E F G alone; therefore the Angle 
AEF muſt be equal to the Sum of the two Angles 


E FG and E G F, and at the ſame Time equal to 


the Angle E F G alone, which is abſurd, fo the 


Lines AB and CD cannot meet, and therefore muſt 


be parallel. 


61. In any Triangle A B C all the three Angles 
taken together are equal to two right Angles. TO 
prove this you muſt produce B C, one of it's Legs, 


to any Diſtance, ſuppoſe to D; then by the laſt Pro- 
poſition, the external Angle, A CD, is equal to the 
Sum of the two internal oppoſite ones C A B and 


ABC; to both add the Angle A CB, then the Sum 


of the Angles ACD and A C B, will be equal 
to the Sum of the Angles CAB and CBA and 


ACB. But the Sum of the Angles ACD and 
ACB, is equal to two right ones (by the 32d), there- 


fore the Sum of the three Angles CAB, CBA, 
and ACB, is equal to two right Angles; that is, the 


Sum of the three Angles of any Triangle A C B is 


equal to two right Angles. 


Cor. 1. Hence in any Triangle given, if one of 
it's Angles be known, the Sum of the other two is 
alſo known : for ſince by the laſt, the Sum of all 
the three is equal to two right Angles, or a Semi- 


circle, 
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circle, it is plain, that taking any one of them 
from a Semicircle or 180 Degrees, the Remainder 
will be the Sum of the other two. Thus (in the 
former Triangle ABC) if the Angle ABC be 
40 Degrees, by taking 40 from 180 we have 140 
Degrees; which is the Sum of the two Angles B A C, 
ACB, the converſe of this is alſo plain, viz. The 
Sum of any two Angles of a Triangle being given, 
the other Angle is alſo known by taking that Sum 

from 180 Degree. NE 5 8 
2. In any right-angled Triangle, the two acute 
= Angles muſt juſt make up a right one between 
them; conſequently, any one of the oblique Angles 
being given, we may find the other by ſubtracting - 
ny given one from go Degrees, which is the Sum of 
both. „ 5 CO 
62. If in any two Triangles, ABC, DEF, two 
Legs of the one, viz. A. 3 
A B and A C, be e- | 
qual to two Legs in 
__ 2 . 
V 
to each reſpectively, B* r * 
1. e. AB to DE and A C to DF; and if the An- 
gles included between the equal Legs be equal, 
viz, the Angle B A C equal to the Angle E DF; 
then I fay, that the remaining Leg of the one ſhall 
be equal to the remaining Leg of the other, viz. 
BC to EF; and the An#les oppoſite to equal 
Legs ſhall be equal, viz. ABC equal to DEF 
(being oppoſite to the equal Legs AC and DF) 
allo ACB equal to DFE (which are oppoſite to 
the equal Legs AB and DE). For if the Triangle 
=} ABC be ſuppoſed to be lifted up and put upon the 
Triangle DEF, and the point A on the point D; 
it is plain ſince BA and DE are of equal length, 
the point E will fall upon the point B; and ſince 
the Angles BAC, EDF are equal, the Line 
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AC vill fall upon the Line D F, and they being of 
equal length, the Point C will fall upon the Point 
F, and ſo the Line BC will exactly agree with 
the Line E F, and the Triangle ABC will in all 
reſpects be exactly equal to the Triangle DEF; 
and the Angle ABC will be equal to the Angle 
DE F, alſo the Angle A CB will be equal to the 
Angle DFE. . PE ot 
Cor. 1. After the ſame Manner it may be proved, 
that if in any two Triangles ABC, DEF, (ſee the 
preceding Figure) two Angles ABCand ACB, of 
the one, be equal to two Angles DEF and DFE 
of the other each to each reſpectively (v/z.) the Angle 
ABC to the Angle DE F, and the Angle A CB 
equal to the Angle DF E, and the Sides included 
between theſe Angles be allo equal, (viz.) B C equal 
to E F, then the remaining Angles and the Sides op- 
_ Polite to the equal Angles, will alſo be equal each 
to each reſpectively ; (viz.) the Angle BA C equal 
to the Angle B DF, the Side AB equal to D E, 
and AC equal to DF: For if the Triangle AB C 
be ſuppoſed to be lifted up and laid upon the Triangle 
DEF, the Point B being put upon the Point E, 
and the Line B C upon the Line EF, ſince BC 
and E F are of equal Lengths, the Point C will 
fall upon the Point F, and ſince the Angle ACB 
is equal to the Angle DFE, the Line CA will 
fall upon the Line F D, and by the ſame Way of 
reaſoning, the Line B A will fall upon the Line E D, 
and therefore the Point of Interſection of the two 
Lines BA and CA, (viz.) A will fall upon the 
Point of Interſection of the two Lines BD and F D, 


(viz.) D and conſequently B A will be equal to DE, 


and A C equal to D F, and the Angle B A C equal 
to the Angle E D F. 


Cor. 2. It follows likewiſe from this Article, that 
if any Triangle ABC, has two of it's Sides A B 
and A C equal to one another, the Angles oppoſite 

| | 0 


_— 
1 s 
WY 1 * 
* 
1 
4 


9 
1 
. 

1 5 . 
—_—_ 
„ 
v + 


© wy 
- 
„ 


14 
1 
* 
ar 
es, 
1 
WT 
41 
* 


3 * J 
ON, 
4 
=” 
. 1 
9 
RET; 
0 
© 
* 8 
855 L 
* 
1 
- 2 
. 
3 
— 
RT” 
_ 
7 
« * 
e 
8 J 
. Ts 
* &# 
2594-4 
+ 
* 
Bey. 
5 8 
LE 
74 
Fes © 
Ss 
Fx P: 
1 
£Y 
2 
0 3 
8 
he 
2 
F<" 
8 
A * 
1 
98 
FUE”, 
(i £4 
9 
2 oh 
oY 
7 4 
We ws 
Pe» - 
* * 
£2 
* 
n 
* 
3 
4 
> 
5 i 
a? * f 
« > 
0 
=: 
* 4 
464 
4 
* - 
4 by 
4 
— 
Wo 
i 
7 
58 
58 
2 8 
* 
7 
cM 
4 hi 
* 
* 
2 
* 


„ 
WR, 
* 5 
* 
"8 
KIM 
i 
Fy + : 
8 
+ Bs 
* 
1 


3 
50 5 


8 8 A 3 
4 an.” Ns, RET. ng r = - „ 
Bu” E EN CORES SE woe om - 


e 22 6 3 . * Arn * 
NEE S 
— > CS EO CAE IE BE FRI 

7 "a . 03S a * hoe 1 


Pen . — 4 — - * * F LE Sg 
PLE n HERE ” * 5 
= D 3 bh "+ A 
wa Ws 3-5 c oe at. 1. 14 De 3 
FF 5 * 8 
be” 2 . 2 TT 
es POETS att 


Den 
r TE. 
6 : Oe EE, SC 


3 
rv 
3 
ba 1 
A 
IR 

* $ 
hy 5 
8 
K _ 
* 
X73 
> 

=} 
3-42 
* We 

0 
23 
bY” 
438 

f 

- 
- 

"5 
ps 
i 
[ES 
> 
bs ? 
2 
DO 


ACE, then the Angle E CD is 
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to theſe Sides will alſo be equal, (viz.) the Angles 
ABC equal to the Angle A CB. For ſuppoſe the 
Line A D, biſefting the 
Angle B A C, or dividing 
it into two equal Angles 
BAD and C AD, and 
meeting BC in D, then the 
Line A D will divide the 
whole Triangle B A C into 
two Triangles A B D and 
DAC; in which BA and 5 C 
A me one 7 5 
are equal to CA and AD, two Sides of the other 
each to each reſpectively, and the included Angles, 
BAD and DAC are, by Suppoſition, equal ; there- 
fore, (by this Article) the Angle AB D mult be equal 
to the Angle A CD. T7 e 
63. Any Angle, as BAD, at 
the Circumference of a Circle 
BADE, is but half the Angle 
BCD at the Center ſtanding on 
the ſame Arch BED. To de- N 
monſtrate this, draw through A B\ 
and the Centre C, the right Line 


A 


8 ». 
equal to both the Angles DA Cand ADC (by the 
both); but ſince A C and CD are equal (being two 
Radii of the ſame Circle) the Angles ſubtended by 
them muſt be equal alſo, (by Art. 62. Cor. 2.) i. e. the 
Angle CAD equal to the Angle CD A, therefore 
the Sum of them is double any one of them, 2. e. 


DAC and ADC is double of C A D, and therefore 


ECD is alſo double of DA C; the ſame way it 


may be proved, that E C B is double of C A B, and 
therefore the Angle BCD is double of the Angle 


BAD, or BAD the half of BCD which was to 
be proved. 7 | 


_ Gor 
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Cor. 1. Hence an Angle at the Circumference ið 
meaſured by half the Arch it ſubtends, for the 
Angle at the Center (ſtanding on the ſame Arch) is 
meaſured by the whole Arc (by the 3zoth); but ſince 
the Angle at the Center is double that at the Circum- 
ference, it is plain the Angle at the Circumference 
muſt be meaſured by only half the Arch it ſtands 
upon. | 
a D Cor. 2. Hence all Angles, 
ACB, ADB, A E B, Sc. at 
the Circumference of a Circle, 
ſtanding on the ſame. Chord 
= << B AB, are equal to one another; 
% for by the laſt Corollary they 
—V care all meaſured by the ſame. 
Arc, viz. half the Arc AB which each of them 
ſubtends. - i 
Cor. 3. Hence an Angle in a Segment greater 
than a Semicircle is leſs than a right Angle; thus 
if ADB be a Segment, greater than a Semicircle, 
(ſee the laſt Figure) then the Arch A B, on which 
it ſtands, muſt be leſs than a Semicircle, and the 
half of it leſs than a Quadrant or a right Angle; 
but the Angle ADB in the Segment, is meaſured 
by the halt of AB; therefore it is leſs than a right 
Angle. 7 | 


Cor. 4. An Angle in a Se- 
micircle 1s a right Angle. For 
ſince ABD is a Semicircle, the 
Arc AED muſt alſo be a Se- 
micircle ; but the Angle A BD 
is meaſured by half the Arc 
| AED, that is, by half a Semi- 

„ circle or Quadrant; therefore 
the Angle AB Dis a right one. bs: 


Cor. 


3 
- "xi 


Semicircle, the Arch AED 
muſt be greater than a Semi- 


CAD in the one, is equal to 
the Sum of the Angles DC B 


being equal to a right Angle, 
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Cor. 5. Hence an Angle in a Segment leſs than a 
Semicircle, as ABD, is great- 


er than a right Angle: for ſince 
the Arch A BD is leſs than a 


circle, and ſo 'tis half greater 
than a Quadrant, 7z. e. than the 
meaſure of a right Angle; | 

therefore the Angle A BD, which is meaſured by 


half the Arch A ED, is greater than a right Angle. 


64. If from the Center C of the Circle A BE, 
there be let fall the Perpendicular CD on the Chord 


AB, then that Perpendicular will biſect the Chord 
AB in the Point D. To demonſtrate this, draw 


from the Center to the Extremities of the Chord the 


two Lines CA, CB; then ſince the Lines C A and 


CB are equal, the Angles CAB, CBA, which they ſub- 


tend muſt be equal allo; (by Art. 62. Cor. 2. ) but the 


Perpendicular CD divides the Triangle ACB into two 
right angled Triangles ACD and CDB, in Which the 
Sum of the Angles ACD and 


and CB D in the other, each 


(by Cor. 2. of Art. 61.) but 
CAD is equal to CBD, 
therefore A CD is equal to BCD. So in i the two 


Triangles A CD and B C P, the two Legs A C and 


CD in the one, are equal to the two Legs B C and 
CD in the other, each to each eie and the 


included Angles A CD and B CD are equal; there- 


fore the remaining Legs A D and B D are equal (by 
the 62d) and conſequently A B biſected in D. 

65. If from the Center C of a Circle AB E, there 
be drawn a Perpendicular C D on the Chord A B, 
and produced *till it meet the Cirele in F, then, 

C 2 — 
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ſay, the Line CF biſects the Arch A B in the Point 
F; for (ſee the foregoing Figure) joining the Points 
A and F, F and B by the ſtreight Lines A F, F B, 

then in the Triangles ADF, BDF, AD is equal to 


DB (by the laſt) and DF common to both; therefore 
AD and D F, two Legs of the Triangle ADE, are 


equal to BD and D F, two Legs of the Triangle 
BDF, and the included Angles ADF, BDF are 
equal, being both right; therefore (by the 62d) 


the remaining Legs A F and FB are equal, but in 
the ſame Circle equal Lines are Chords of equal 
Arches, therefore the Arches A F and F B are equal. 
So the whole Arch A F B is biſected in the Point F 


by the Line CF. 
Cor. 1. From the 64th it follows, that any Line 


biſecting a Chord at right Angles is a Diameter; 


for ſince (by the 64th) a Line drawn from the Center 


perpendicular to a Chord, biſects that Chord at right 


Angles; therefore, converlly, a Line biſecting a Chord 


at right Angles, mult paſs thro' the Center and con- 


ſequently be a Diameter. 


Cor. 2, From the two laſt it follows, that the Sine 
of any Arc is the half of the Chord of twice the 


Arc; for (fee the foregoing Scheme) A D is the Sine 
of the Arc A F, by the Definition of a Sine, and 


AF is half the Arc AFB, and AD half the Chord 
AB (by the 64th); therefore the Cor. is plain. 
66. In any Triangle, the half of each Side is the 
PB Sine of the oppoſite Angle; 
for if a Circle be ſuppoſed to 
be drawn thro' the three an- 
gular Points A, B, and D of 


Angle DAB is meaſured by 


1. of Art. 63.) ; but the half 


of BD, viz, BE, is the Sine of half the Arch 
BKD, viz. the Sine of BK (by Cor. 2. of the laſt) 


which 


the Triangle ABD; then the 
half the Arch BK D (by Cor. 


4 


Co-Sine, BF the Co-Tangent, 
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which is the meaſure of the Angle BAD, therefore 
the half of BD is the Sine of the Angle B AD; the 
fame way it may be proved, that the half of A D 
is the Sine of the Angle A BD, and the half of A B 
is the Sine of the Angle ADB. 

67. The Sine, Tangent, &c. of any Arch is call- 
ed alſo the Sine, Tangent, 
Sc. of the Angle whoſe mea- 
ſure the Arch is; thus becauſe 
the Arch GD is the meaſure 
of the Angle GCD, and ſince 
GH is the Sine, DE the Tan- 
gent, HD the verſed Sine, 
C E the Secant, alſo G K the 


and CF the Co-Secant, Sc. 
of the Arch GD; then G H is called the Sine; D E. 
the Tangent, &c. of the Angle G C D whoſe mea- 
{ure 1s the Arch GD. 

68. If two equal and parallel Lines, AB and 


CD, be joined by two others, A C and BD; then 


theſe ſhall alſo be equal and parallel. To demon- 
ſtrate this, join the two oppoſite Angles A and D 
with the Line AD; then it 1s plain this Line AD 
divides the Quadrilateral, ACDB, into two Tri- 
angles, viz. ABD, ACD, in which AB, a Leg 
of the one, is equal to DC a Leg of the other, by 
Suppoſition, and A D is common to both Triangles ; 
and ſince AB is parallel to CD, the Angle B AD 
will be equal to the Angle ADC, (by Art. 36.) 
therefore in the two Triangles, A. FOE A 
BA, and AD, and the Angle | _ 
BAD, is equal to CD and 
DA, and the Angle AD C, 
that is, two Legs and the in- C D 
cluded Angle in the one, is equal to two Legs and 
the included Angle in the other; therefore (by 


the we'd BD is equal to A C, and ſince the Angle 
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DAC is equal to the Angle A D B, therefore the 


Lines BD, A C are parallel (by Cor. Art. 60). 
Cor. 1. Hence it is plain, that the Quadrilateral 


ABDC is a Parallelogram, ſince the oppoſite Sides 


are parallel. 


Cor. 2. In any Parallelogram the Line joining the 
oppoſite Angles (called the Diagonal) as A D, divides 
the Figure into two equal parts, ſince it has been 


proved that the Triangles ABD, ACD are equal to 
one another. 


Cor. 3. It follows alſo, that a Triangle ACD on 
the ſame Baſe CD, and between the ſame Parallels 

with a Parallelogram ABDC, 1s the half of that 
Parallelogram. 


Cor. 4. Hence it is plain, that the oppoſite ſides of 


of a Parallelogram are equal; for it has been proved 


that AB DC deing a Parallelogram, AB will be equal 


to CD and AC equal to BD. 

69. All Parallelograms on the ſame or equal 
Baſes, and between the ſame Parallels, are equal 
to one another; that is, if BD and G H be equal, 


and the Lines B H and A F be parallel, then the 


Parallelograms A B D C, BDF E, and EFH G 
are equal to one another. For AC is equal to E F 


each being equal to BD. (by Cor. 4. of 68.) To both 
add CE, then A E, will be equal CF. So in the 


two Triangles AB E, CDF; AB, a Leg of the 
one, is equal to CD, a Leg in the other ; and AE is 


equal to C F, and the Angle BAE is equal the Angle 


DCF (by the 37th); therefore the two Triangles 


ABE, CD * are equal (by the 62d); and taking 


from both, the Fi- 
gure AB K C will 
be equal to the Fi- 


both which add the 


then 


the Triangle C KE 


gure K DF E; ta 
little Triangle KBD, 


2 
_— 


1 206 
£ aA 
3 


62d), but the Triangle 


equal to half the Paral- £ 28 | 
lelogram BKLH. Con- | 
ſequently the Square 
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then the Parallelogram ABD C will be equal to the 


8 Parallelogram B BF E. The fame way it may be 


proved, that the Parallelogram E F H G is equal to 


the Parallelogram E F D B; ſo the three Parallelo- 


grams AB DC, BD FE, and EFHG will be equal 
to one another. 
Cor. Hence it is plain, that Triangles on the fame 
Baſe, and between the ſame Parallels, are equal; 
ſince they are the half of the Parallelograms on the 
ſame Baſe and between the ſame Parallels. (by Cor. 3. 


of laſt Art.) 


70. In any right- angled Triangle, ABC, the 
Square of the Hypothenuſe BC, viz. BCMH is 
equal to the Sum of the Squares made on the two 


Sides AB and AC, viz. to AB DE and AC GF. 
To demonſtrate this, thro' the Point A draw AKL 
perpendicular to the Hypothenuſe B C, join A H, 


AM, DC, and BG; then it is plain that DB is equal 
to BA (by the 54th), alſo BH is equal to BC (by the 


fame); ſo in the two Triangles DB C, AB H the 
two Legs DB and BC in the one, are equal 
to the two Legs AB and BH in the other; and 


the included Angles DBC and A BH are alſo 
equal; (for DB A is equal to CB H being both 
right; to each add A B C, then 'tis plain that DBC 
is equal to A BH) cherefors the Triangles D b Ko 
ABH are equal (by the 


DBCishalf of the Square 
ABDE (by Cor: 3. of 
68th) and the Triangle | 


AB H is half the Paral- | 
lelogram BK LH (by 
the ſame); therefore half 


the Square ABDE is 755 


84 ABDE 
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AB DE is equal to the Parallelogram BK LH. 
The ſame way it may be proved, that the Square 
ACG F is equal to the Parallelogram KCML. So 
the Sum of the Squares AB DE and ACGF is equa! 
the Sum of the Parallelograms B KLH and KC ML; 
but the Sum of theſe Parallelograms 1s equal to the +? 
Square BCMH, therefore the Sum of the Squares 
on AB and AC is equal to the Square on BC. 
Cor. 1. Hence in a right-angled Triangle, the Hy- 
pothenuſe and one of the Legs being given, we 


bl may eaſily find the other, by taking the Square of 
li the given Leg from the Square of the Hypothenuſe, 
Ul. and the ſquare Root of the Remainder will be the 
Wi -- Len required. ---. --- 


Cor. 2. Hence, the Legs in a right-angled Tri- 
angle being given, we may find the Hypothenuſe, b 
taking the Sum of the Squares of the given Legs, and | 
extracting the ſquare Root of that Sum. E'2 

71. If upon the Line AB there be drawn a Semi: 
circle ADB, whoſe Center is C, and on the Point 
C there be raiſed a Perpendicular to the Line AB, 
iz. CD; then 'tis plain the Arch DB is a Quadrant, E; 
or contains go Degrees; ſuppoſe the Arch DB to be 
divided into 9 equal Arches, each of which will 
contain 10 Degrees, then on the Point B raiſing 
BE perpendieular to the Line AB, it will be a Tan- v 
gent to the Circle in the Point B, and if to every | 
one of the Diviſions of the Quadrant, viz. B 10, 
B 20, B 30, B 40, Sc. you draw the Sine, Tan- 
gent, Sc. (as in the Scheme) we ſhall have the Sine, 
Tangent, Sc. to every ten Degrees in the Qua- 
drant: and the ſame way we may have the Sine, 
Tangent, &c. to every ſingle Degree in the Qua- 
drant, by dividing it into 9o equal Parts beginning 
from B, and drawing the Sine, Tangent, Sc. to 
all the Arches beginning at the ſame Point B. By 
this Method they draw the Lines of Sines, Tangents, 
Sc. af a certain Circle on the Scale; for after draw- 


ing 
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ing them on the Circle, they take the length of them, 
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and ſet them off in the Lines drawn for that purpoſe. 


The ſame way, by ſuppoſing the Radius of any 
Number of equal Parts, (ſuppoſe 1090, or 10,000, 


Sc.) 
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Sc.) 'tis plain the Sine, Tangent, Sc. of every Are 
muſt conſiſt of ſome Number of theſe equal Parts, 


and by computing them in parts of the Radius, we 
have Tables of Sines, Tangents, Sc. to every Arch 
in the Quadrant, called Natural Sines, Tangents, Cc. 


and the Logarithms of theſe give us Tables of Loga- 
rithmic Sines, Tangents, Ec. 


To underſtand the Nature of which, 6d the Me- 
thod of uſing them, you muſt know that Logarithms 


are only artificial Numbers, contrived to avoid long 


Operations in natural Numbers, each of which has a 
Logarithm belonging to it. Their Nature is ſuch, 


that Addition of them anſwers to Multiplication in 
natural Numbers, and Subtraction anſwers to Diviſion; 


that is, when two Numbers are propoſed to be multi- 
plied into one another, if we take the Logarithms 
anſwering to the Numbers and add them together, the 


Sum will be the Logarithm anſwering to the natural 
Number, which is the Product of the two Numbers 


propoſed. 
Again, when one Number is propoſed to be di- 


vided by another, if from the Logarithm of the Di- 


vidend we ſubtract the Logarithm of the Diviſor, 


the Remainder ſhall be the Logarithm of the 3 


| tient. 


Now to apply this to practice: The firſt Table at 


the end of this Book, contains the Logarithms of all 


the Numbers from 1 to 10000; the Columns marked 


at the top with (M) contain the natural Numbers, and 
the adjacent Columns contain the Logarithms of theſe 


Numbers. So to find the Logarithm of any Integer 
Number between 1 and 10,000, we muſt look in the 


Columns marked with Mat the top, *till we find the 


Number propoſed ; and that ſtanding on the ſame 
Line with it 1n the adjacent Column is the Logarithm 
required. 


Example. Let it be required to f d the Loga- 


rithm of 365; by looking in the Table according 
to 
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to the above Direction, I find it to be 2.56229, 
The Reverſe of this, viz. Given a Logarithm, to 
find from your Tables the natural Number anſwering 
thereto, is performed by looking into the Columns 


IF marked with Logarithm at top; for that which 18 


either equal or neareſt to the one propoſed, and the 
Number anſwering to it in the adjacent Column is that 
required. 
Example. Let it be required to find the natural 
Number anſwering to the Logarithm 2.56229, by 
proceeding according to the above Direction I find it 
to be 36g. | 5 

Again, if it were required to find the Logarithm of 
a Number, having ſome Decimals in it. In order 
to do this, you may obſerve in the Table of 


2 Logarithms, that the Logarithm of 10 is 1, that 


of 100, 2; and of 1000, 3, Fc. and the Loga- 
rithms of all the intermediate Numbers between 
10 and 100, have 1 for the integral Part of each, 


and all thoſe between 100 and 1000 have 2 for 


their integral Part, and fo on, which are called their 
Indices. | 


Now becauſe any Number conſiſting of both In- 
tegers and Decimals, is equal to the Quotient of the 
whole conſidered as an Integer divided by the Deno- 
minator of the decimal Part; and ſince by the Na- 
ture of Logarithms, Subduction in them anſwers 
to Diviſion in other Numbers; therefore it tollows, 
that when a Number is given conſiſting both of In- 
tegers and Decimals, we can find the Logarithm 
anſwering thereto in the following manner: vz. 
Find the Logarithm of the whole conſidered as a 
Integer; then from that take the Logarithm of the 


Denominator of the decimal Part, or (which is the 
ſame) from the Index of the Logarithm of the whole 


conſidered as an Integer, ſubtract a Number leſs by 


of 
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of the Fraction, and the Remainder will be the Lo- 
garithm required. 

Example 1. Suppoſe you were to find the Loga- 
rithm of 36.5 ; to do this you muſt firſt look for the 
Logarithm of 365, which is 2.56229, then becauſe 


10 is the Denominator of the decimal Part of the pro- 


poſed Number, and 1.0000 it's Logarithm, theretore 
from 2.56229 take 1.0000, and there remains 1.56229 


the Logarithm required. 


Example 2. And to find the Logarithm of 6. 543. 
Firſt find the Logarithm of 6543 conſidered as an In- 
teger, which by the Tables you will find to be 3.81578; 
then ſince 3.0000 1s the Logarithm of 1000 the De- 
nominator of the fractional Part, therefore from 
3-81578 take 3.0000, and there will remain 0.81578, 
which is the Logarithm required. 

The Reverſe of this, viz. the Logarithm of a 


Number conſiſting of Integers and Decimals being 


given ; to find that Number, 1s performed according 
to the following Method. 

Rule. Look in your Table of Logarithms (with- 
out regarding the Indices) for that "whoſe decimal 
Part is equal or nearly equal to the decimal Part of 
the Logarithm propoſed ; then ſubtract the Index of 
the former from that of the latter; and laſtly divide 
the Number anſwering the Logarithm found in your 
Tables, by a Number conſiſting of an Unit, and as 
many Cyphers as there are Units in the difference 
between the two Indices; or, which is the ſame, 
cut off as many Figures (beginning at the loweſt place) 
of the Number anſwering to the Logarithm in 


your Table, as there are Units in the difference of 


the Indices, and the Number laſt found will be that 
required. 
Example. Suppoſe it were required to find the Num- 

ber anſwering to the Logarithm 2.73608. 
In order o do this, I look in the Table of Lo- 
garithms (without regarding the Indices) for __ 
whole 
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whoſe decimal part is equal, or nearly equal, to 
.73608, the decimal part of the Logarithm propoſed, 
and I find it to be 3.73608 ; from the Index of which, 
viz. 3, I take 2, the Index of the propoſed Loga- 
rithm, and there remains 1; laſtly, I divide 5446, 
the Number anſwering the Logarithm found in the 
Tables, by 10, and the Quotient 544.6 is the Num- 
| ber required. 5 1 = 
| The Reaſon of this and the preceding Rule, is plain 
from the very Nature of Logarithms. 

From what has been ſaid on this Head we may ea- 
fily ſolve the following Problems by the Logarithms : 
VIZ. 0 
Prob. 1. Given two Numbers, as 25.6 and 134, to 
find the product of their Multiplication. To ſolve 


this by the Logarithms, I firſt look for the Logarithm _ 


of 25.6 which I find to be 1.40824, then for that of 
134 which is 2.12710; then I add theſe two Loga- 
rithms together, and their Sum is 3.53534, Which is 
the Logarithm of their product; ſo I look in my 
Table for the Number anfwering to 3.53534, and I 
find it to be 3430, which is nearly equal to the pro- 
duct of 25.6 into 134. | 5 

Again, if it were required to find the Product of 
36 into 234, I proceed as in the laſt Example, and 

the Operation is as follows: | + 


2.36922 the Logarithm of 234 
1.55630 the Logarithm of 36 


Sum 3.92552 the Logarithm of their Product 


which, by the Table, I find to be 8424, which is the 
Product of the two Numbers propoſed. 4 
Prob. 2. Let it be required to find the Quotient 
that ariſes by dividing one Number by another, ſup- 
pole $28 by 23 „„ 


To 
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To ſolve this by the Logarithms, I firſt look in 
the Tables for the Logarithm of 828, the Dividend, 
which I find to be 2.91803; then for the Loga- 
rithm of 23, the Diviſor, which is 1.36173, and this 
laſt taken from the former Logarithm, there re- 
mains 1.55630 the Logarithm of the Quotient, 

which anſwers to the Number 36 the Quotient re- 
quired, 5 
Again, let it be required to divide 3055 by 47; by 


proceeding according to the laſt Example, the Opera- 


tion will be as follows: 


3.48501 the Logarithm of 3055 the Dividend, 
1.67210 the Logarithm of 47 the Diviſor, 


— IEF TUES” 0 | 


1.81291 the Logarithm of the Quotient. 


which anſwers to the Number 65 the Quotient re- 


_ quired. 


Prob. 3. Three Numbers being given to find a 


fourth proportional to them, viz. Such as ſhall have 


the ſame proportion to the third as the ſecond has to 


the firſt. . 
Rule. Take from the Tables the Logarithm of 


each of the propoſed Numbers, then add the Loga- 


rithms of the ſecond and third together, and from the 
Sum take the Logarithm of the firſt, and the Remain- 
der ſhall be the Logarithm of the fourth Number re- 


quired. 5 
Example. Let the three propoſed Numbers be 36, 
48, 66, to which we are to find a fourth proportional; 
by the preceding Rule, the Operation will ſtand as 
follows: „„ e 
1.68 124 the Logarithm of 48 the 2d Term, 
1.8 1904 the Logarithm of 66 the gd Term, 
3-50078 the Logarithm of their Product, 
1.55630 the Logarithm of the 1ſt Term, 36. 
1.94448 the Log. of the 4th Term required. 
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which, by looking into the Table, I find anſwers to 


the natural Number 88, which is the 4th proportional 


to the three propoſed Numbers. 

Again, let it be required to find a fourth propor- 
tional to the three Numbers 24, 144, 1233 by pro- 
ceeding according to the foregoing Rule, the Opera- 
tion will ſtand as follows: 


2. 2.158 46 the Logarithm of the 2d Term 144. 
2.08991 the Logarithm of the 3d Term 123. 


4.24827 the Logarithm of their Product, 
1.38021 the Logarithm of the iſt Term 24. 


2.80806 the Log. of 7 38, the 4th Number required. 


Prob. 4. To find the Square of any Number by 
Logarithms. 
Rule. Multiply the Logarithm of the given Num- 
ber by 2, and the product 1 the Logarithm of the 
Square ſougnt. 
Example. Required to find the Square of 36. Firſt 
I look in the Table for the Logarithm of 36, and 


find it to be 1.55630, which doubled, gives 3.11260 


the Logarithm of the Square ſought, which by In- 


ſpection I find anſwers to the natural Number 1296 


the Square of 36, viz. the product of 36 multiplied 
into itſelf. 

Prob. 5. To extract the ſquare Root of any pro- 
poſed Number, 1. e. to find a Number which multi- 
plied into itſelf, ſhall! produce the given Number. 

Rule. Divide the Logarithm of the propoſed Num- 
ber by 2, and the Quotient will be the Logarithm of © 


the {quare Root required, 


Example. Required to find the ſquare Root of 
1296, Firſt I look in the Tables for the Logarithm 
of 1296, and find it to be 3.11261, which divided 
by 2 gives 1. 555 30 for the Logarithm of the ſquare 

Root, 
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Root, and the natural Number anſwering thereto is 
36 the Root required. 


If for the Sine, Tangent, Sc. of every Degree 1 
and Minute in the Quadrant, in the natural Tables, 


we take the Logarithm agreeing to each, we ſhall 
have a Table of Logarithmic Sines, Logarithmic 
Tangents, Sc. as it is in the ſecond Table at the End 
of this Book. 


In which you may obſerve, that each Page is di- 


vided into eight Columns, the firſt and laſt of which 


are Minutes, and the intermediate ones contain the 
Sines, Tangents, and Secants; the upper and lower 


Columns contain Degrees; the Column of Minutes 


on the left Hand of each Page, anſwers to the De- 


grees in the top Column; and the Sines, Tangents, 


and Secants, belonging to theſe Degrees and Minutes, 
are in the Columns "marked at the top with the Words, 


Sine, Tangent, Secant; the Column of Minutes on 
the right Hand of each Page, anſwers to the Degrees 


In the foot of the Page, and the Sines, Tangents, and 
Secants, anſwering to theſe Degrees and. Minutes, 
are in the Columns marked at the bottom with the 


Words, Sine, Tangent, Secant; the Degrees in the 
top Column beginning at o, proceed to 44 where 
they end, and thoſe at the foot of the Page begin 
at 89 proceed to 45 in a decreaſing Series, the De- 
grees in the different Columns being the Comple- 
ment of each other. From what has been laid, 
we may eaſily find the Sine, Tangent, or Secant, of 
any Arch, from our Tables, by looking for the given 


Number of Degrees at the head or foot of the Page, 


according as they are leſs or greater than 45, and in 
the proper ſide Column for the odd Minutes, if there 


be any ; then below or above the Word, Sine, Tan- 
gent, or Secant, and on the ſame line with the Mi- 
nutes, we ſhall have that required. 


Example 1. Required to find the Sine of 36 deg. 


40 min, To find cis, L look at * Head of the Page ; 


for 
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lay, BC will be double 
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for 36 deg. and in the fide Column, on the left Hand, 


for 40 min. then below the Word Sine, and on the 
fame Line with 40, I find 9.77609, which is that re- 
ured, 

Example 2. Required the Tangent of 54 deg. 30 


min. To find this, I look at the Foot of the Page 


(becauſe the Degrees. propoſed are greater than 45) 
for 54 deg. and in the right hand ſide Column tor 30 
min. then in the Column marked with Tangent at it's 
Bottom, and on the ſame Line with the 30 in. in the 
fide Column, I find 10.14673, which is the Log- 
Tangent required. | 5 

The Reverſe of this, viz. the Logarithm of a Sine, 
Tangent, or Secant, being given, to find the Arch 
belonging to it, is performed by only looking in the 
proper Column tor the neareſt Logarithm to that pro- 
poſed, and the Degrees and Minutes anſwering thereto 


is what was required. 


In theſe Tables the Secants might have been want- 
ing, becauſe all the Proportions in which the Secants 


are concerned may be wrought without them, by the 


Sines and Tangents only, as ſhall be ſhewn particularly 
in the Solution of the ſeveral Caſes of plain Trigono- 
metry. . 

72. In any Triangle, 
ABC, if one of it's 


ſected in E, (and con- 
ſequently A C double 
of A E) and through E. 
be drawn E. D, paral- 
lel to BC, and meet- 
ing AB in D; then J 


of ED, and AB double of A D, through D draw 
DF, parallel to AC, meeting BC in F: For ſince by 


Conſtruction, DF is paralle] to AC, and DE paral- 


lel to BC; therefore, (by Art. 37.) the Angle BFD 
: 1 will 
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will be equal to the Angle B C A, (and by the ſame | 


Article) the Angle B C A will be equal to the Angle 
DE A, conſequently the Angle B F D will be equalto 
the Angle DEA; allo (by Art. 37.) tne Angle BDF 


will be equal to the Angle DAE; and ſince DF is 
parallel to EC, and DB parallel to FC, the quadrila- 


teral DFC E will be a Parallelogram ; and therefore 
(by Art. 60. Cor. 4.) D F will be equal to EC, which, by 


Conſtruction, is equal to AE; fo in the two Triangles 


BD F, DAE, the two Angles B F D and BDF 


in the one, are equal to the two Angles DB A and 
D AE in the other, each to each reſpectively ; and 


the included Side D F, is equal to the included Side 


AE; therefore, (by Art. 62. Cor. 1.) AD will be 
equal to DB, and conſequently, AB double of AD, 
alſo (by the ſame) DE will be equal to BF; but BE, 


is alſo (by Art. 68. Cor. 4.) equal to FC; therefore 
BF and EC together, or B C will be double of DE. 


G After the ſame 


proved, that if in the 
Triangle A K G, 
A E be taken equal 


W ——— to à third Part of 
1 - * by \ A K, and through 
1 A re E de dunn E P, 


parallel to K G, and 


meeting AG in D; then ED will be equal to a third 


Part of G K, and AD equal to a third Part of AG. 
8 Likewiſe if in any Tri- 
angle AB C upon the Side 


to one fourth, one fifth, 

one ſixth Sc. of A B, 
'& and through E be drawn 
| E „ 5 E D parallel to B C and 

meeting AC in D; then DE will be the one fourth, 
one fifth, one ſixth, Fc. of BC, and AD the 
like 


- 


Manner it may be 
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lle Part of AC; and, in general, if in any Triangle 
ABC, there be alſumed a Point E, on one of it's 
Sides A B, and through that Point be drawn a Line 
E, parallel to one of it's Sides B C, and meeting 
the other Side A C in D; then whatever Part- A E is 
of AB, the ſame Part will EY be of B C and AD 
of AC. | 
Cor. Hence it follows, that if in any Triangle ABC, 
there be drawn E D, parallel to one of it's Sides BC, 
and meeting the other two in the Points E and D, 
then AE: AB:: ED: BC:: AD: AC, that is 
AE is to AB, as ED is to BC, and that as AD to AC. 
73. If any two ee ABC, abc are ſimi- 
lar, or have C 
all the Angles 
of the one, e- 
qual to all the 
Angles of the 
other, each to 
each reſpec- 
tively, that is, 
the Angles 
CAB equal to the Fr cab, and the Angle ABC 
equal to the Angle abc, and the Angle 'ACB 
equal to the Angle a cb; then the Legs oppoſite to 
the equal Angles are proportional (VIZ. F AB: ad: 
AC:acy and AB: :*ab::BC:bc; and AC: ac: BC: 
bc. On AB of the largeſt Triangle ſet off AE e- 
qual to ab, and through E draw E D parallel to 
BC, meeting AC in D; then ſince DE and BC are 
parallel, and A B croſſing them, the Angle AED will 
(by Art. 37.) be equal to the Angle A B C which (by 
Suppoſition) is equal to the Angle abc, alſo the 
Angle D A E is (by Suppoſition equal to the Angle 
3 ab, ſo in the two Triangles AED, abc, the two 
Angles DAE, AED of the one, are equal to the 
two Angles Ca b, a b c of the other, each to each re- 
ſpectively, and the included Side AE is (by Conſtruc- 
tion) . to the included Side ab; therefore, (by 


D 2: Art. 


B a- 
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Art. 62. Cor. 1.) AD is equal to ac, and DE equal 
to cb; but ſince in the Triangle A B C, there is 
drawn DE parallel to BC one of it's Sides, and 
meeting the two other Sides in the Points D and E, 
therefore (by Cor. Art. 72.) AB: AE:: AC: AD, 
and AB: AE:: BC: DE, and AC: AD:: BC: DE, 
and in the three laſt Proportions, inſtead of the Lines 
AF, DE, and AD, putting in their Equals ab, bc, 
and a c, we ſhall have AB: a b:: AC: ac, and AB 
: ab:: BC: be, and laſtly, AC: ac: : BC: bc. 
74. The Chord, Sine, Tangent, Oc. of any 
Arch in one Circle, is to the Chord, Sine, Tangent, 
Fc. of the fame Arch in another, as the Radius of 
the one is to the Radius of the other. Let A BD, 


13 


abd, be two Circles, BD bd, two Arches of theſe 
Circles, equal to one another, or conſiſting of the 
ſame Number of Degrees; FD, fd, the Tangents, 
B D, b d, the Chords, B E, be, the Sines, Sc. of 
theſe two Arches B D, bd, and CD, cd, the Ra- 
dui of the Circles; then I ſay, CD:cd::FD:fd, 
and CD: cd:: BD: bd, and CD: cd :: BE: be, Sc. 
For fince the Arches BD, b d are equal, the Angles 
| BCD, bed will be equal, and FD, fd, being Tan- 
gents to the Points D and d, the Angles CDF, cdf 
will be equal, being each a right Angle; (Art. 23.) 
ſo in the two Triangles CDF, cd f, the two Angles 
FCD, CDF, of the one, being equal to the two 

Angles 
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Angles fed, cdf, of the other, each to each, the 


remaining Angle C F D, will be equal to the remain- 
ing Angle c fd ; (by Art. 61.) therefore the Triangles 
CFD, c fd are ſimilar, and conſequently, (by Art. 
73.) CD:cd::FD:fd. In the ſame Manner it 


may be demonſtrated, that CD: cd :: BD : bd, and 


Ded: BE + be, G.. 7a 8 
75. Let AB D be a Quadrant of a Circle deſcribed 
by the Radius CD; BD any Arch of it, and BA 
it's Complement, BG or CF the Sine, CG or BF the 
Co-Sine, DE the Tangent, and CE. the Secant of 
that Arch BD. Then ſince the Triangles CD E, 
CGB are ſimilar, or equi-angular it will be (by Ari. 
22) DE: ECE:: GB; BC, i. e. AE 
the Tangent of any Arch, is to 1 | 
the Secant of the ſame, as the e 
Sine of it is to the Radius. Al- Ff — * 
ofnce DE:; EC5:GB:; Be, : 
therefore by inverting that Pro -. EN. 
portion we have E C: DE:: N 
BC: GB, 2. e the Secant is to #— . 
the Tangent, as the Radius is by 4 2 
to the Sine of any Arch... 
Again, ſince the Triangles CDE, CG are ſimi- 
lar, therefore (by Art. 73.) it will be CD:CE:: 
CG: CB, . e. as the Radius is to the Secant of any 
Arch, ſo is the Co-Sine of that Arch to the Radius. 


f 


And by inverting the Proportion we have this, biz. 


As the Secant of any Arch is to the Radius, ſo is the 
Radius to the Co-fine of that Arch. 


76. In all Circles the Chord of 60 is always equal 


in Length to the Radius. 
Thus in the Circle AE BD, 
if the Arch AEB be an Arch | 
of 60 Degrees, then drawing D 
the Chord AB, I fay AB 
| ſhall be equal to the Radius 
CB or AC; for in the Tri- 


21 


* r ogy” 
PEES, ; > nn 


FFF 


1 A 3... Fu 4 — 
22 =o 5 3 © a 
.. at eg, 


an >: 
I + 


2 222 1 4 — * 
S a=: 3 


—.. OC CIC among 


38 Geometrical Problems. 
angle A CB, the Angle A CB is 60 Degrees, Na. 
meaſured by the Arch AE B; therefore the Sum 


the other two Angles is 120 Degrees, (by Cor. 1. 
of 61ſt) but ſince XC and C B are equal to the two 


Angles CAB, CBA will alſo be equal; conſequently 


each of them half their Sum 120, viz. 60 Degrees; 
therefore all the three Angles are equal to one another, 
conſequently all the Less therefore A B is 1 to 
CB. 

Cor. Hence the Radius from which the Lines on 


any Scale are al is the Chord of 60 on the Line 
of Chords. 


Having thus gone through the Theorems of Geome- 


try, that are neceſſary tor the Knowledge of Naviga- 


tion; we ſhall next proceed to ſome Problems that 
are uſctul for the Practice of that Art. 


Geometrical * roflems. 


Prob. F R OM a Point Cin a given Line A B to 
1 


raiſe a Perpendicular to that Line. 
Rule. From the Point C 7 8 the equal Diſtances 


CB, CA on each Side of it. Then ſtretch the 


| Compaſſes to any Diſtance great- 
0-7 . F er than CB or CA, and with 


2 Bs % one Foot of them in B, ſweep 

E H the Arch E F with the other; 

| again, with the ſame opening, 
. 4 Re and one Foot in A, ſweep the 
A * B Arch GH wich the other, and 


theſe two Arches will interſect one another in the 
Point D; then join the given Points C and D with 
the Line C D, and that ſhall be the Perpendicular re- 
quired. > 
2. To divide a given right Line AB into two e- 
qual Parts; that is, to biſect it. 

Rule. Take any Diſtance with your Compaſſes that 
| you are ſure 1s greater than half the given Line ; then 


ſtring 


ſetting one Foot of them in B, 


will interſect one another in 


fs 
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B of a given right 


Extent in your Com- 


Foot in B fix the o- A— 3 arg 
ther in any Point C, 
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with the other f ſweep the Arch 

DFC; and with the ſame > 
Diſtance and one Foot in A, A= 
with the other ſweep the Arch 
CE D; theſe two Arches 


the Points C, D, which join'd 
by the right Line DC will biſect A B in G. 
3. From a given Point D, to let fall a Perpendi- 


| cular on a given Line AB. 


Rule. Set one Foot of the Compaſſes i in the Point 
D, and extend the other to any Diſtance greater 
than the leaſt Diſtance between the given Point 
and the Line, and with that 
Extent ſweep the Arch AEB, 
cutting the Line in the two 
Points A and B, then (by the 
laſt Problem) biſect the ive — — 5 
AB in the Point C, laſtly join „ 
C and D, and that Line Di DE, 
the Perpendicular required. 


4. Upon the End 


Line B A, to raile a 
Perpendicular. 


Rule. Take any 


* : 
"opus 5 


. 
* 


paſſes, and with one 


— 
* 


without the given Line, then with one Point of the 
Compaſſes in C; deſcribe with the other, the Circle 


EB D, and thro? E and C draw the Diameter ECD 


meeting the Circle in D; join D and B, and the right 
Line DB is that required; for E BD is a right Angie 
(by Cor. 4. of 6 30. 


. T6 
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5. To draw one Line parallel to another given 
Line A B, that ſhall be diſtant from one another by 
any given Diſtance D. 

Rule. Extend your Compaſſes to the given Di- 


ſtance D; then ſetting one Foot of them in any Point 


of the given Line (fuppoſe A) with the other ſweep 


the Arch FCG; again, at the ſame Extent, and 


one Foot in any other Point of the given Line B ſweep 


the Arch HDK, and draw the Line CD touching 
them, and that will be parallel to the given Line 


AB, and diſtant from it by the Line D as was re- 
quired. 


6. To divide a given Line AB into any Number 


of equal Parts, ſuppoſe 7. 
Rule. From the Point A draw any Line A D, 


making an Angle with the Line A B, then thro? the 


point B draw a Line BC parallel to A D; and from A, 
with any ſmall 
D opening of the 


equal Parts (on 


Fels by one 
than the propoſ- 


ſet off the ſame Number of the ſame Parts on the 
Line BC; laſtly, join 6 and 1, 2 and 5, 3 and 4, 
„ 4 and 


Compaſſes, ſet 
off a Number of 


ed Number (here 
6.) ; then from B 


the Line AD) 
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4 and 3. 5 and 2, 6 and 1, and theſe Lines will cut 
the given Line as required. 

7. To quarter a given Cir- 
cle, or to divide it into four 
equal Parts. 

Rule. Thro' the Centre C 
of the given Circle draw a Di- 
ameter A B, then upon the 
Point C raife a Perpendicular 
DCE to the Line AB; and 
theſe two Diameters A B and D E mall quarter the 

Circle. 

8. Thro' three given Points A, B, and D, to draw 
2 Circle. (Note, the three Points muſt not he 3 in the 
ſame ſtreight Line.) 

Rule. Join A and B alſo B and D with the ſtreight n 
Lines AB, B D, then by Prob. 2. biſect AB with | 

= the Line EC, alſo BD with the Line F C, which two ; | 

EZ Lines will cut one another 

in ſome Point C, that is the 
Centre of the Circle re- 
quired; then fixing one 

Point of your Compaſſes i in 

D, and ſtretching the o- 
I: ther to A, deſcribe the 
Circle AB DG, which will 
paſs thro' the three Points 
given. The Reaſon of this 
is plain from Cor. I, of Art. 
65. 


9. From the Point A of the given Line A B, to 
draw another Line (ſuppoſe A C) that ſhall make 
with AB an Angle of any Number of Degrees, ſup- 
pole 4.5. 
| Rule Let the given Line A B be produced, then 
take off your Scale the Length of the Chord of 60 
Degrees, which is equal to the Radius of the Circle 
the Scale was made for (by Art. 76.). And ſetting one 
F oot 
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Foot in A, with the other ſweep the Arch BC; then 
with your Compaſſes take from your Scale the Chord 
of 45 Degrees, and ſet off that Diſtance from B to C. 
Laſtly join A and C, and the Line AC is that re- 
quired. For the Angle C A B, which is meaſured 
by the Arch BC, is an Angle of 45 Degrees as was 
required. 1 e 
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10. An Angle BAC being given, to find how Þ| 
many Degrees it contains. | —_ 
Rule. With your Compaſſes take the Length f 
the Chord of 60 from your Scale. Then ſetting one 
3 x: Foot of them in 
A, with the other 
ſweep the Arch 
B C, which 1s 
the Arch compre- 
B- hended between 
: | the two Legs AB, 
AC produced if needful. Laſtly, take with you 
Compaſſes the Diſtance B C, and applying it to 
your Line of Chord on the Scale, you'll find how 
many Degrees the Arch B C contains, and conſe- 
quently the Degrees of the Angle BA C which was 
required. . 
11. Three Lines x, y, and 2 being given, to form 
a Triangle of them, but any two of theſe Lines 


taken together, muſt always be greater than the 
third. — — 


Rule, 
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Rule. Make any one of them, as x, the Baſe; then 
with your Compaſſes take another of them, as z, and 
ſetting one Foot in one End of, the Line x, as B, 
with the other ſweep the Arch DE; and taking with 
your Compaſſes the Length of the other 9, ſer one 


- Foot of them in A, the other End of the Line x, and 


with the other ſweep the Arch F G, which will cut 


the other in C; laſtly, join CA and CB, and the 
pF riangle CAB! is that required. 


Ent. ROLL 
_ 1 ET 
— 


12. To make a Triangle having © one of it's Legs 
of any Number of equal Parts ſuppoſe 160), and one 
of the Angles at that Leg 50 Degrees and the other 

44 Degrees. 

Rule. Draw an indefinite Line E D, then take off 
the Line of equal Parts with your Compaſſes 160 
of them, and ſet them on the indefinite Line, as 
BC; then (by Prob. q.) draw BA making the Angle 
ABC of 50 8 and by the ſame, draw from C 
the Line AC, making the Angle ACB of 44 Degrees; 
which two Lines will meet one another in A, and the 
FROG + ABC is that . 
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13. Upon a given Line AB to make a Square. 
Rule. Upon the Extremity A of the given Line 
AB, raiſe a Perpendicular A C (by Prob. 4.) ; then 
take AC equal to AB, 
G: and with that Extent, ſet- 
; ting one Foot of the Com- 
, F paſles in C, ſweep with 
: the other Foot the Arch 
'B- +: GH, then with the ſame 
Extent and one Foot in B, 
- | with the other {weep the 
al „ Arch EF, which will 
; meet the former! in ſome 
Point D; laſtly, Join C and D, D and B, and the 
Fi mm ABDC will be the Square required. oY 
14. On a given Line AB to draw a Rhomb that 
hall” have one of it's Angles equal to any Number of 
Degrees, ſuppoſe 60 Degrees. 
Neue. From the Point A of the given Line AB draw 
the Line AC, making the Angle CAB of 60 Dep. (by 
Prob. q.) then take A C equal to AB, and with 
that Extent fixing one Foot of the Compaſſes in B, 
with the other deſcribe the Arch G H, and at the 
fame Extent fixing one Foot of the Compaſſes i in C, 
with the other deſcribe the Arch E F cutting the 
former in D; laſtly, join C D and DB and the Fi 1= 
gure A CD Bj is that required, 


2 
| 


j 


15, Given 
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15. Given two Lines x and 2, of theſe two to make 
a Rectangle. | | 

Rule. Draw a Line, as AB, equal in Length to one 
of the given Lines x, and on the Extremity A of that 
Line raiſe a Perpendicular A C, on which take A C 
equal to the other Line z ; then take with your Com- 
paſſes the Length of the Line AB, and at that Extent 
fixing one Foot of them in C, with the other ſweep 
the Arch E F; and alſo taking with your Compaſſes 


the Extent of the Line AC, fix one Foot of them in B 
and with the other ſweep the Arch G H, which will 
& meet the former in D; laſtly, join C D and BD, and 


the Figure ABD C will be that required. 


* 


F. 
a 6 8 
| - 1 
. 
| x b | 
Al— | Cs B 


16. Two Lines x and 2 being given, of theſe to 


form a Rhomboides that ſhall have one of it's Angles 
any Number of Degrees, ſuppoſe 50. 


Rule. Draw a Line AB equal in Length to one of 
the Lines as x, then draw the Line AC, making with 


the former the Angle BAC equal to the propoſed, 
ſuppoſe go Degrees, and on that Line take A C equal 
to the given Line z, then with your Compaſſes take 
the Length of AB, and fixing one Foot in C ſweep 


the Arch EF; alſo taking the Length of AC 


and ſetting one Foot in B, with the other ſweep the 
„„ Arch 


; 
* 
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Arch GH, which will cut the former in D; 3 then 


- 


Av 


Join CD and DB, fo the F. igure ACDB will be that 
required, 


e. . 


Of Plain T RIG ONOME T RY, Right and Oblique 
Angled. 


LAIN TRIGONOMETRY is that Science 
by which we meaſure the Sides and Angles of 
plain Triangles. _ 

2. Since "Triangles are diker- right or oblique an- 
gled ; therefore Trigonometry is commonly divided 
into two kinds, viz. ReiFangular and Oblique-angular : 
and firſt we ſhall treat of Rectangular. 


3. In any right-angled Triangle as ABC, if the 


Hypothenuſe be made the Radius, and with that a 
Circle be deſcribed on the one End A as a Centre; 


then *tis plain that B C will be the Sine of the Angle 
BAC (by Art. 21. * See, L); and if with the ſame 


Diſtance, 
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ſcribed, *tis plain that 
the Angle ABC; there- 
Hy pothenuſe of a right- 
: the Radius, the two Legs 


will be the Sines of their 
3 oppoſite Angles. 


of the ſame. 


Diſtance, and on B as a 
Centre, a Circle be de- 


AC will be the Sine of 


fore, in general, if the 
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, B ö 


angled Triangle be made 


4.᷑ If in a right-angled Triangle DEF, one of 
the Legs, as D F, be made the Radius, and on the 
| Extremity D (at one of the oblique Angles, v2. 
that which is formed by the Hypothenuſe and the 
Leg made Radius) as a Centre, a Circle be deſcribed ; 
tis plain, that the other Leg E. F will be the Tangent 
of the Angle at D, and the Hypothenuſe D E will be 
the Secant of the ſame Angle. 
(by Ant. 24, 25, and 67 of dect. I.) 
The ſame way, making the Leg 
E F the Radius, and on the Cen- 
tre E deſcribing a Circle, the 
other Leg D F will become the 
Tangent of the Angle at E, and 
the Hypothenuſe D E the Secant D 


1 5. It has been already ſhewn, at Art. 74. of Seck. I. 
that the Chord, Sine, Tangent, Cc. of any Arch, or 


Angle, in one Circle, is proportionable to the Chord, 
Sine, Tangent, Sc. of the ſame Arch in any other 
Circle; from which, and the two foregoing Articles, 
the Solutions of the ſeveral Caſes of rectangular Tri- 
gonometry naturally follow. x 

6. Since Trigonometry conſiſts in determining 
Angles and Sides trom others given, there ariſes vari- 
ous Caſes, which are ſeven in rectangular and fix in 
oblique-angular Trigonometry. | 5 


We 
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We ſhall now proceed to the Solution of the ſeven 
Caſes of — 2s F 


CASE 1 


7 be Aneles and one of the tor; given, to nt the 
other Leg. : 
Example. In the Triangle ABC right-angled at 
B, ſuppoſe the Leg AB, 86 equal Parts, (as Feet, 
Yards, Miles, Fc.) and the Angle A 33, 40' re- 


quired the other Leg BC in the ſame Parts with 
A B. 


Geometrical. 


Draw AB ou to 86, from any Line of equal 
Parts, then (by Prob. 4. of Sell. I.) upon the Point 
B, erect the Perpendicular 

Bez laſtly, from the Point 

0 A draw the Line A C, 

making wich AB an Angle 
equal to 339, 407%, and that 
Line produced will meet 
BC in C, and ſo conſti- 
tute the Triangle. The 

Length of B C may be 
found by taking it in your 
Compaſſes, and applying 


it to the ſame Line of equal Parts that AB was taken 
from. 


By Calculation. 


Firſt by anking the Hypothenuſe AC Radius, 
the other two Legs will be the Sines of their oppo- 
fite Angles (by Ar. 3. of this) viz. AB the Sine of 
C, and "CB x Þ Sine of A; now ſince (by Art. 74. 

of Sect. I.) the Sine, Tangent, Sc. of any Arch in 


One 
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ohe Circle is proportionable to the Sine, Tangent, 
Sc. of the ſame Arch in any other Circle, 'tis plain 
the Sines of the Angles A and C in the Circle de- 
ſcribed by the Radius A C, muſt be proportional to 
the Sine of the ſame Arches or Angles, in the Circle, 
that the ſecond Table at the End of this Book was 
calculated for; ſo the Proportion for finding BC 
will be 4; f 
8 C: AB:: S, A: BC; 
i. e. as the Sine of the Angle C in the Tables, is to 
the Length of A B (or Sine of C in the Circle whoſe 


1 Radius is AC) fo is the Sine of the Angle A in the 
© Tables, to the Length of B C (or Sine of the fame 


Angle in the Circle whoſe Radius is A C). 

Now the Angle A being 339, 40”, the Angle C 
© mult be 562, 20' (by Art. 61. Cor. 2. Sect. I.); there- 
fore looking in the ſecond Table at the End of this 
Book for the Sines of the two Angles, and in the 
firſt tor the Logarithm of 86 the given Leg, we 


mall find by proceeding according to the foregoing | 


Proportion, (and by Prob. 3. in Art. 71. Sec. I.) that 
the required Leg B C, is 57.28 3 and the Operation 
will ſtand as follows: — i 


1.93450 AB 86 
9.74380 8, A 33%, 400 
11.67830 


9.92027 8, C 569, 20' 
1.73803 B C 57.28 


= 2dly, Making A B the Radius, 'tis plain B C, the 
= Leg required, will be the Tangent of the given 
Angle A (by the 4th of this), and fo the Propor- 
tion for finding B C, when A B is made the Radius, 
ii ä 


e eee e e 
i e. as the Radius in the Tables, is to the Tangent 
of the Angle A in the ſame, ſo is the Length of B A, 


Ir 
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or Radius in the Scheme, to the Length of B C or 


Tangent of A in the Scheme; therefore looking in 
the Tables for the Parts given in the foregoing Pro- 
portion, and proceeding with them according to 
that Rule, we ſhall find B C to be 57.28 as before, 
and the Operation will be as follows: 


9.82352 1, A 332, 40 
1.93450 AB 86 
11.7 5802 

10.00000 Rad. go® 


1.75802 BC 57.28 | 
Laſtly, by making BC, the Leg required, the 


Rats.” tis plain that A B will be the Tangent ot 
C, and the Proportion for . BC will be as 


Eos : 


T,C:R::AB:BC; 


1. e. as the Tangent of C 569, 20“ 10.17648 

is to Radius 909 — 10.00000 

ſo is the Log of A 9 + 36 +: - 159234650 

11.93450 

| 10. 17648 

to the Length of BC - $57.28 - 1.75802 
C . 


The Angles and one of the Legs given, to fnd the 


Hypothenuſe. 


Example. In the Triangle ABC, foals AB 
124, and the Angle A 34®, 20l; conſequently the 
Angle C 552, 40/, required the Hy pothenuſe AC, in 


the lame Parts with AB. 


ny Geometrically. 
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Geometrically. | 


This Caſe is conſtruct- 
ed after the ſame Man- 
ner with the former, and 
the Hypothenuſe AC is 
found by taking it's, 
Length in your Compal- 
ſes, and applying that to 
the ſame Line of equal 
Parts BY took AB from. 


9 · & adn an 
By Calculation. 


7. By making A C the Radius we ſhall 1. the 
following Proportion for finding A C, viz. 


8, C: R:: AB: AC; 


1. e. as the Sine of C 359, 40 9.91686 
is to Radius 90% 100. 00900 
U i, 2 
to A C EINE = 150.2 - - 2.176456 


24ly, Making AB the Radius We have this Pro- 


portion, vig. 


R.: Sec. AA : AC; 


i. e, as Radius 90 - -- .. 10.090000 


is to the Secant of A - 349, 20' - 10.08314 


ſo is AB - - JVC 
to AC 5 - 130.2 2.17656 


This may be done without the Help of the Se- 
cants; for ſince (by Art. 75. Se. I.) R: Sec. :: 
Co-S: R; therefore the former Proportion will be- 
come 


Co-s, A: R.: AB. Ac 


E _ 1. 6. 8 


132 + Plain 3 
i. e. as the Co- Sine of A 34 „ 20! | - 9.91686 
is to the Radius 909 | =  10.00000 


ſo is * OS GETS T8 
to AC — — . - 1 8 


345, Making BC the Radius, we have the follow- 


ing F FOporrinn VIZ, 
T, & Sec. oy AB:AC; 


7, e. as UT Tangent of C 559 "> 227 10.163558 


is to Sec. wh „„ ih. 10.24872 
RE fois KR- „ Th,” - 2.09342 
to AC - —_— - 150.2 - 2.17656 


This likewiſe may be done without the Help of 
Secants, for ſince (by Art. 75. Sec. I.) T, :-Sec. : : 

'S, : R; therefore the former Analogy will be reduced 
: to this, ES 
8, 6 R:: AB 3 AC 


where no Secants appear; and as it coincides wit 


that in the firſt Suppoſition of this TROP ſo we ſhall 
not FR the Operation, 


CASE z. 


The Angles and Hypothenuſe given, to find either of 


the Legs. 
Example. In the Triangle ABC, ſuppoſe the Hy- 


pothenuſe AC 146 equal Parts, and the Angle A 


36, 25, conſequently the Angle 8 350 „re- 
: Pune the Leg AB. 


G cometri, ca lly, 


Draw ths 115 AB at Pleaſure aud SE the 
Angle B A C equal to 369, 25, (by Prob. g. Se. I.) 
then — A Cc equal to HET from any Line of equal 
1 | Parts ; „ 


; TT 


of equal Pars, 


* 
2 * 


6 


8 


4 

7 
* ö 
3 „„en 


By Calculation. 
17/8, Making A C the Radius we ſhall have the 
following Proportion, WE - 


R : S, Gare AB; 


i. e. as Radius = 0 - = 10.00000 
is to the an 2 0 - 753% 35 = 9.90565. 
ſo is AC „ . = 2.164355 
to A B — my: 11 5 2 2,07000 
2dly, Making A B the Radius, we have the ow: 
ing Analogy, VIZ. 1 


Sec. A: R:: AC: AB; | 
2. e. as the Secant of '& = 269, 26) 10.094.35 


is to Radius = - 8 - 10.00000 
WHEAT. - » > . — 216435 
„„ ts eh - | >. of 2.07000 


This may be done without the Help of PRE for 
ſince (by Art. 75. See. I.) Sec.: R:: R: Co-S; 


therefore the former Proportion may be reduced to 
this, VIZ, | 


. 
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parts laſtly, from the Point C let fall the Perpendi- 
cular CB on the Line AB. So the. Triangle is con- 
ſtructed, and AB may be meafüred from = Lang 
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Prob. 10. See. I. 
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R : Co-S, A:: AC: AB 
which is the ſame with the Proportion 1 in the firſt Sup- 


poſition. 


3dly, By ſuppoſing BC the Radius, we have the 


following Proportion, viz. 


See. Cy iy, ot AY AB; 
i. e. as the Secant of 0 53 ” 17 10. 22647 
is to the Tangent of C 53% 10.132 12 


BEAT > HE - 2.16435 
DAS." $19.5 - = - 207000 


CASE 4. 
The two Legs being given, to find the Angles. 


Example. In the Triangle ABC, ſuppoſe AB 94 
and BC 50, required the Angles A and C. 


Geometri calh. 


Pure AB equal to 94, from any Line of equal 


Parts, then from the Point B raiſe B C, perpendicu- 


lar to AB (by Prob. 4. Seck. I.) and take BC, from 
the former Line of equal Parts 
equal to 56; laſtly, join 


{trait Line A C, ſo the Tri- 
angle is conſtructed, and the 
Angles may be meaſured by 


By Calculation. 
rf, Suppoſing AB the Radius, we have this A- 


nalogy, US; | | 
A B : BC::R:T;A; | 
i. e. AB „ 04 < -< Cahige2ta 
is to BC 10 T 
ſo is the Radius - - 900 — 10.00000 
to the Tangent of A 30”, 47 9785 


2dly 


the Points A and C with the 


V F ̃ — ͤ ! an, I a on dF Se . N 
" 8 122 n 3 N 2 N A 8 S R 22 ** 
r e ee I OT Sl n R n 
8 —_ 1 


* „ _ 
5 R 
e 


ann , . AO I IE | * {IE PD . 
— N 55 Md Gage Deal aid de >; r P N ; 
* 4.4 n e e 4 + « FF 5 . 0 7 


3 


R 


n n 4 * Sd ” . Pn | 2 : 

A r id 2 n * 

JJV e 

A ” 12 nl . e 8 2 0 5x 
N : > Se hes 


DF 126, from the ſame Line 
of equal Parts, and ſetting one 


Join D and F, fo the Triangle 
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2 diy, Making BC the Radius, We have this Pro- 


portion, Viz. _ 
BC:BA::R:T,C; 


S 36 5 1.74819 


%% + .-94---:2997213 


ſo is the Radius - go? - += 10. o 
to the Tangent of C 59, 1/7 — 10.22494 


_ The Epoche and one 5 the „ given, to Hd | 


the Angles. 
Example. In the Triangle DE. F, ſuppoſe the 


Leg DE 83, and the Hypothenuſe DF 126, re- 


e the Angles D and F. 


Geometricalh. 


Draw DE equal to 83, from any Line of equal 


Parts; and from the Point E. raiſe the Perpendicular 


E. F, then take the Length of 


Foot of your Compaſſes in D, 
with the other croſs the Per- 
pendicular E F in F; laſtly, 


is conſtructed, and the Angles 
may be meaſured by Prob. 10. 


Seck. I. 


E Calculation. 
If, Making D F the Radius, we have this Pro- 


portion, VIZ, 


DF:DE RESP, 


F 
| 
i 
4 
2. 
4 
7 
| 
3 
1 
* 
: 
'#] 
1 
4 
N 
11 
1 
4 
1 
©] 


rn fer 22 
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4.6 DF - - - 126 - ũ 2.10037 
h/ , 191908 
ſo is the Radius - - go? - - 10.00000 
to the Sine of F - 419, 1 =. 9.81871 


2dly, by ſuppoſing D E the Radius, we have the 


following Analogy, 72. 1 
; DE: DF:;R :Sec. Dz 


„% , / >< 91008: 


StoDF 12 2.10037 


ſo is the Radius - - go? - - 10.00000 


to the Secant of D- 48, 48/ - - 10.18129 


This may be done without the Help of Secants, 
for ſince by Art. 75. Sect. I. R: Sec. :: CoS, : R; 
therefore the preceding Analogy will become this, 
UL. | | 


DF: DE: :R:To-S, D 


in which no Secants do appear; and it plainly coin- 
cides with the Proportion deduced from the firſt Sup- 
poſition. 7 NY „ 


CA $6, 
T he 100 Tops given, to find the Hypothenuſe. 


Example. In the Triangle A BD, ſuppoſe the Leg 
A B, 64, and BD, 56, required the Hypothenuſe, 


Geometrically. 


The Conſtruction of this Caſe is performed the 
„ „ fame Way as in the fourth Caſe, and 
the Length of the Hypothenuſe 

5 Abd is found by taking it in your 

AL J Compaſſes, and applying it to the 


two Legs were taken from. 


By 


B fame Line of equal Parts, that the 


e 


N n — fo tie eek one AN Ls 
WWW 2 * 338 ö . . aa 
RR R 8 E 2 38 * 


"38 
= 


[+32 
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By Calculation. : 
This Caſe being a Compound of the 47h and 24 


Caſes, we muſt firſt find the Angles by the 4 thus : .. 


AB: DB: R: T, A; 


i. e. as the Leg AB — 6a - 5 1.80618 


is to the Leg DB - - - 56 — 1.74819 


ſo is the C 90 10. 0000 


to the Tangent of A 412, 111 - 9.94201 


Then by the 2d Caſe we find the Hypothenuſe 
required thus: 


8, A: R: BD; AD; 


7. e. as the Sine of A 41, 111 - 9.81854 
is to the Radius - - 909 - 10,00000 
ſo is the Leg BD 6: = — - 1.74819 
fo the Hypothenuſe AD $05.05 = 1 92965 


This Caſe may alſo be ſolved after the following 


Manner, viz. 
From twice the Log. of the greater Side AB 3.61236 
ſubtract the Log. of the lefler Side BD - 1.74819 


and there remains = = - - - 1.8641 


the Logarithm of 73.15; to which adding the leſſer 


Side BD, we ſhall have 189.15 whoſe Log. is 2.11093 
to which add the Log. of the leſſer Side B D 1.74819 


and the Sum will bte 3.85912 
the half of which is - - 1.92956 
the Logarithm of the Wooothenufe required, 


Or it may be done by adding the Squares of the 
two Sides together, and raking the Logarithm of 
that Sum, the Half of which is the Logarithm of the 


1 Hypothenuſe required ; thus in the preſent Caſe: 


The 


———_ ES 


MES. 
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the Square of AB (64)is - 
the Square of BD (36) is 


„C 
3136 
the Sum of theſe Squares, is 7232 
the Logarithm of which, is — 3.8926 
the Half of which, is — = 1.92963 


the Logarithm of 85.05 the Length of the Hypo- 
thenuſe Os. 


_ 


1 3 * = — 
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CASE 5. 
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= be Hypothenuſe and one of the Legs given, to find 
the other Leg. 
Example. In the Triangle BG D, ſuppoſe the 


Leg BG 87, and the Hypothenuſe BD 142, re- 
en the LES D G. 


— 
— 
peep eo ͤ ͤ —————ů— — —— 


— — — — — - 
* NE ore nent A . 7 anne > - — 
— — — — 0 
— — — — — . _— —__ 
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—— — 
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G cometricall. 


. 
7 —— — 


The Conſtruction here is the ſame as in Caſe 5th, 
the ſame Things being given 3 and the Leg DGis 


7. 
42 
. 
| 2 
ry 
* 
* 
LY 


9 
* 
* 


7 


= 
ain 


found by RO it's Kn in your Compaſſes, and 


lig that to the ſame Line of equal Parts, the 
others were taken Ran, 


By 
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By Calculation. 


The Solution of this Caſe depends upon the 1 
and 5th, and firſt we muſt find the aa ay Angles 
by Caſe 575 thus: 


DB:BG::R;S,D; I 


2.15229 


i. e. as the Hypoth. DB 142 
is to the Leg 1 — 87 5 
ſo 1 18 Radius. „ 90, - -=- 10.00000 ; 
to the SINC of D — — 27”, 47 "a 9 [0743 


Then by Cale 1] we find the Leg DG required 
thus: 


R. 8, B: BD. DG 


4.6. as Radius 900 - - 10c0000 1 
is to the Sine of B - - + 827 13' - 9.89781 ; 
ſo is the Hypoth. 10 B 14% nnn 
to the Leg DG n 2.05010 — 

The Leg DG may alſo be bound in the following | L | 


Manner, v2. 


To the Log. of the Sum of the Hypo- 85 | 

thenuſe and given Leg, viz. 22 9 } $:35994 
add the Log. of their e vix. 5 5 1.74036 
and their Sum i 1 - ** 4. 10020 | 
the Half of that is - - . 2.05010 


the Log. of 112.2 the Leg. uind. 


Or it may be done by taking the Cs of the 
given Leg from the Square of the Hypothenuſe, 
and the ſquare Root of the Remainder is the Leg | 
required thus in the preſent Caſe : ; 


1 he 
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The Square of the Hypothenuſe 142, is - 20164 


the Square of the Leg B G 87, is - 7569 
the Difference of them is - = 123935 
whoſe Logarithm is - - 4.10020 
and halt of that Logarithm is - - - 2.05010 
which anſwers to the Natural Number 112.2 the 
Leg required. 


Thus we have gone thro? the ſeven Caſes of 1 
angled Plain T rigonometry, from which we may ob- 
ſerve; 

1. That to find a Side, when the Angles are gi- 
ven, any Side may be made the Radius 

2. To find an Angle, one of the given Sides muſt 
of Neceſſity be made the Radius. 

We now proceed to the Solution of the ſix Caſes 
of oblique-angled Plain Trigonometry, in order to 
which we much premiſe the following Theorems. 

Theorem 1. In any Triangle, the Sides are propor- 
tional to the Sines of the oppoſite Angles. Thus in 
ther Triangle ABC, I fay, AB: B:: S, C: S, A 
and AB: Ac: 8. CS Bs. alſo AC: BC 17 
B: W AA. 

Demonſtration. Let the Triangle ABC be in- 
ſcribed in a Circle; then *tis plain, from Art. 66. 
Seck. I. that the Half of each Side is the Sine of it's 
- oppoſite Angle, but (by Art. 74. Sect. I.) the Sines 
of theſe Angles in Tabular Parts, are proportional 

B to the Sines of the ſame 

e in any other Meaſure; 

therefore in the Triangle 
ABC, the Sines of the 

0 N Angles will be as the 

." = . WY Halves of their oppoſite 
Wil eee Sides; and fince the 
Wil Halves are as the Wholes, it follows that the Sines of 
With the Angles are as their oppoſite Sides, #, e. 8, C; 8˖, 
A A B: BC, Sc. 


Theor, 
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' Theor. 2. In any Triangle ABC (ſuppoſing any of 
it's Sides as A B the Baſe, and the other two A C, 
B C, the Sides) the Sum of the Sides will be to their 
Difference, as the Tangent of half the Sum of the 
E Angles BAC, ABC, at the Baſle, is to the Tangent 
of half the Difference of the ſame Angles. 

| Demon. With the longeſt Leg CB as Radius, and 
in the Centre C, deſcribe a Circle meeting the ſhorter 
Side AC (produced on 

E each Side) in the Points 
D and E, draw the 
Lines EB and DB which / 
(by Cor. 4. Art. 63. 
$28. I.) will be perpen- 
dicular to one another; 
draw alſo AH perpen- 
dicular to B D and con- 
ſequently parallel to EB. 
Therefore (by Art. 37. 
Het. I.) the Angle BED 


Set. I.) the Angle AB E equal to the Angle BAH. 
Alſo draw A F perpendicular to EB or parallel to DB, 
and conſequently the Triangles AF E and A HD 
will be ſimilar. Then becauſe CB is equal to CD 
or to CE, therefore A D will be the Sum, and A E 
the Difference of the Legs A C, BC: Likewiſe (by 
Art. 60. Sect. I.) the Angle BCD is equal to the 
Sum of the Angles B A C A B C, and therefore {by 


will be equal to half the Sum of the Angles at the 
& Baſe B A C and ABC. Again (by Art 60. See. I.) 
| the Angle BAC is equal to the Sum of the Angles 
CEB, or CBE and ABE, and therefore equal to The 
Sum of the Angle ABC, and twice the Angle ABE, 


| Baſe will be the Angle A BE, or it's Equal B A H. 
But in the right-angled Triangles AHD, AHB, 


will be equal to the Angte DAI and by Art. 4, 5 


Art. 63. Set. I) the Angle BED, or it's Equal DAH, 


and therefore half the Difference of the Angles at the 


making 


e - 
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making A H Radius, the Legs DH, HB will (by 
Art. 4. of this Se#.) be the Tangents to the Angles 
DAH, HAB, or to half the Sum and half the 
Difference of the Angles at the Baſe ; becauſe A H 
is parallel to E B and A F to H B, therefore AF is 
equal to H B, and the Triangles AHD, AEF are 
ſimilar, and conſequently (by Art. 73. See. I.) 
AD: AE: : DH: AF or HB; that is, AD, the 
Sum of the Legs AC and CB, is to AE, the Diffe- 
rence of theſe Legs, as DH the Tangent of half the 
Sum of the Angles at the Baſe (the Radius being AH) 
is to BH the Tangent (belonging to the ſame Radius) 
of half the Difference of theſe Angles, and therefore 
(by Art. 74. Sect. I.) as the tabular Tangent of halt 
the Sum of the Angles at the Baſe, to the tabular 
Tangent of half the Difference of the ſame Angles. 

Theor. 3. If to half the Sum of two Quantities be 
added half their Difference, the Sum will be the 
greater of them, and if from half their Sum be ſub- 
tracted half their Difference, the Remainder will be 

the leaſt of them. ß . 
Demon. Let the two Quantities be repreſented by 
the Lines AB and BC (making one continued Line) 
whereof AB is the greater, and B C the leſſer. Biſect 
the whole Line AC in E, and make A D equal to 
BC; then *tis plain A C is the Sum and D B the 
Difference of the two Quantities, and A E or E C 
their half Sum, and E D or E B their half Difference. 
Now it to AE we had E B, *tis plain the Sum will 
be AB, that is, if to half the Sum we add the half 
Difference, the Sum will be the greater Quantity; 
alſo if from EC we take EB, the Remainder will be 
BC, that is, if from half the Sum we take half the 
Difference of two Quantities, the Remainder will be 

the leaſt of them, „ 5 
1 Nee EdaTR 1 

1 
| D 3 


'Theor. 


AE AS a. Aa. 


Likewiſe fince (by Art. 


AG will de the Diffe- 
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Theor. 4. In any Triangle A BC, let the longeſt 


Side AB bh conſidered as 5 Baſe, upon which, from 


the oppoſite Angle C, let fall the perpendicular CD, 
which will cut the Baſe into the Segments APD, BD. 


then the Baſe AB will be to the Sum of the Sides AC 


and BC, as the Difference between theſe Sides 1s to 


the Difference between AD and BD the Segments of 


the Bale. 

Demon. With the longer Side 0 B as a Radius in 
the Center C, deſcribe a Circle, meeting the ſhorter 
Side ( produced both 
Ways) in the Points E 
and F, and meeting AB 
produced in G. Then 
AE will be the Sum 
and AF the Difference 
of the Sides AC, BC. 


64. Se. I.) GD is. 
equal to BD, therefore 


rence of the Segments AD, BD. Draw the Chords 
BE, FG. Then in the Triangles BAE, GA F, the 


Angles ABE, GFA, are equal (by Cor. 2. Art 63. 
Geck. I.) and che Angle B A Ei 1s equal to the Angle 


G A F, (by Art. 33. Sell I.) therefore the remaining 
Angles AEB, AGF, muſt be equal, and ſo the Tri- 


angles AB E, AGF ſimilar; conſequently (by 


Art. 73. Seck. I.) AB:AE::AF: AG; that is, 


AB the Baſe is to AE the Sum of the Sides AC and 
CB, as AF, the Difference of theſe Sides, is to A G, 


the Difference of the Segments of the Baſe. 
CAS E I 
In any obligue- * plain Triangle; two glu, and 


an gs” oppoſite to one of them, given, to find the An- 


gle A0 te to the other. 


Example, 


} 
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84; and with the 


ken from the ſame 


Example. In the Triangle ABC, ſuppoſe AB 


. 156, BC 84, and the Angle C, oppoſite to BA, 
569, 300 required the Angle A oppoſite ro B C. 


Geometrically. 


Draw the Line A C, and at any Point of it, ſup. 
poſe C, make the Angle + equal to 562, 30“ (by 
Prob. g. Sets. I.) B 
take C B equal to 


Length of 136 (ta- 


Line of equal Parts A< — 0 
with CB) in your Compaſſes, nie: one Foot in B, 


with the other croſs A C in A. Laſtly, join A and 


B; ſo the Triangle is conſtructed, and the required 


N Angle A _ be meaſured by Prob. 10. Sed. I. 


By Calculation. 


By . "Res 1. we have the following Proportion 
for find the Angle A, viz. 


AB: S, C::BC:S Ay 


ic ate lLAB 1569 - 2.19312 
is to the Sine of it's oppoſite Angle C, 


569, 3 1 2] 9.92111 


ſo is the Leg BC - - - - 84 - 1.92428 
11.84.539 
2.19312 


— — 


to the Sine of it's opp. Angle A 26%, 417 9.65227 


CASE 2. 
The Angles, and a Side oppo te to one of them, given, 


to find a Side bel te to another. 


Example. 


* 
* 
3 
9 
EN 
— 
„ 
AX 
«SIX 
8 
e 
N 
1.3 
"Y 
> 
bi 
7 
1 
1 


taking it's Length in your 


— x 
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Example. In che Triangle H B G, ſuppoſe the 


Angle H 46, 15”, and the ; Angle B 549, 22', con- 


ſequently the Angle G 799, 23%, and the = HB 
125, required H G. 


G cometrically. 


Draw H B 125, from any Line of equal bab 
and make the Angle H 
46, 15' and B 54*, 227, G 
then produce the Lines H 
and BG *till they meet one 
another in the Point G; ſo 
the Triangle is conſtructed, 
and HG is meaſured by 


* jy 7 


O 


| Compaſſes, and applying it to the ſame Line of equal 
[ Parts that H B was taken from. 


By Caleuation 


By the firſt of the omceding Theorems, we have 
this Analogy for finding H G. viz. 
8, G: HB::S,B:HG; 


7. e. as the Sine of G 709%, 27 - 9.99250 


is to the Leg HB 125 2.09691 

ſo is the Sine of B - -:: 547, 22 9.90090 

to the Leg HG - = 103.4 - + 2.01437 
CA 8 E 3: 


7 wo Sides and an Angle oppoſi te to one ne of them given, 


o find the third Side. 


Example. In the Triangle KL M, ſuppoſe the Side 


KL 126 equal Parts, and K M 130 of theſe Parts, 


and the Angle L (oppoſite to K M) 639, 20%, re- 
quired the Side M L. 


| SGeometricaliy. 
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 Geometricalh. 


The Geometrical Conſtruction of this Caſe is the 
NM ſame with that in Caſe 1. (there be- 

ing the ſame Things given in both) 

and the Leg M may be meaſured 
: by applying it to the ſame Line of 
JL <qual Parts that the other two were 


taken from. 


By Calculation. 


The Solution of this Caſe depends upon the two 
preceding, and firſt we muſt find the other two 
Angles by Ca/e 1. thus; C8, 


MK: S, L:: KL: S, M; 


. e. as the Side MK 130 2.11394 
is to the Sine of L - 63, 2 - 9.95116 
ſo is the Side KL - - 126 - 2.10037 
to the Sine of M - - \60% 1 - 9.93759 


Then by Caſe 2. we find the required Leg ML 
8, I. Mk 1 8, K: M L; 


i chus; ; 


i. e. as the Sine of L - 639, 20/ 9.95116 
is d MK 130 2.11394 
ſo is the Sine of K - 836, 39“ - 9.90602 
to M... 117. 2.0680 


CARE. 


Two Sides and the Contained Angle given, to find the 
other two Angles, 


Example. 
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Example. In the Triangle A CD, ſuppoſe AC 

103, 55 AD 126, and the Angle A 54*, 30', re- 
Tor the Angles C and D. 


e 

> Gemetricaly. 

_ Draw AD 126 equal Parts, and make the Angle 
f A, 54®, 30“, then ſet 103 equal Parts from A to C. 


Laſtly, join © and D; and ſo the Triangle 3 is con- 


firudted, and the A C and D may be meaſured 
by the Line of Chords, 


+y Calculation. 


The Solution of this Caſe 3 upon the ſe- 
cond and third of the preceding Theorems; and 
firſt we muſt find the Sum and Difference of the 

Sides, and half the Sum of ne unknown Angles. 
Thus, 


Lo DO SI. Oh. | 


f the Leg Ab is ö; i Ta JS 
F C _ 103 
0 | their Sum 1 1S - — — — — iy av 2 | 229 
and their Difference is - 23 
the Sum of the three Angles A, D, and on 180. 
the Angle A is 5 49, 30 


ſo the Sum of the Angles and D will be- 1252, 30% 
and Half their Sum is - - - 62, 45 
2. | F a 


_— T5 


—— — — 


8 = "Ys OE 
— 5 - -= x — ds . 
— RO Hoes) 0 —— + Cre — 
i Us — ” 
— — — ne te A 3 « 
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— — —— — 


fame with that of the laſt, and the Length of D C 


> pero 


Then by Theorem 2. we have the following Pro- 


rtion, , VIZ. 


as the Sum of the Sides AD and AC 229 - 2.35984 
is to their Difference - =- 23 1.36173 


ſo is the Tang. of half the Sum 


5 
of the unknown Angles - $629, 45.” 10.288 16 


to the Tang. of half their Diff, 11% 2 9.29005 


Now having half the Sum and half the Difference 


of the two unknown Angles C and D, we find the 


Quantity of each of them by Theorem 3. thus, 
To half the Sum of the Angles C _ D 62, 45 
add half their Difference 11% 0% 


and the Sum is the greater Angle C 735, 47 


Again from half the Sum - - - - 629, 45 


take half the Difference - - - 11, 027 
and there will remain the leſſer Angle D - 519, 430 
CASTE: 2 e 


Two Sides and the Contained Angle given, to find the 


_ third Side. 


Example. In the Triangle BCD, ſuppoſe B C 


154, and BD 133, and the Angle B 569, oF re- 
een the Side C D. 


Geametrically 
The Geometrical Conſtruction of this Caſe is the 


D | 


1 S 


is 


id 
* = 


S » 
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is found by taking it's Length in your Compaſſes, and 
applying it to the ſame Line of * Parts that the 
two Legs were : taken from. 


By 0 alculation. | 
| The Solution of this Caſe depends upon the ſecond 
and fourth; and firſt we muſt find the Angles by the 
laſt Caſe thus, | 


As the Sum of the Sides BD and BC 287 - 2.45788 


is to their Difference - — 21 - 132222 
ſo is the Tangent of half the 
Sum of the Angles D uf he} 1.60» Dane 


to the Tangent of half their Diff. 70, 50 9.1 3806 


80 by T beorem 3. we have che Angles D and C 
thus, 


To half the Sum of the Angles D and c - 6 10, 385 


add half their Difference - - - 7, 50 


and the Sum 1 is the greater Angle 88 699, 48” 
| Allo, from half the um 619, 585 
| take half the Difference - - - 2, 50 
| and there remains the leſſer Angle Ow” 34 „08“ 


Then by Caſe 2. we have the following e 


for finding DC the Leg required, VIZ. 


S.C:BD::S,B:DC; 


2. e. as the Sine of C 549, 08 9.90869 
%%% oc aq; ĩ˙•rv, 
ſo is the Sine of B - - 569, o“ - 9.91883 
toDC - - - - - . 136.2 - - 2.13399 


F 3 1 
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CASE 6. 


Three Sides given, to find the Angles. 
Example. In the Triangle ABC, ſuppoſe AB 


156, BC 84, and AC 185.7; required the RON 
A, B, and C. 


G cemetricalh, 


Make AC > 185, 7 from any Line of equal Parts, 
and from the ſame Line taking 156, the Length of 


AB, in your Compaſſes, fix one Foot of them in 


A, and with the other ſweep an Arch; then take 14, 


che Length of hs and fixing one Foot i in C, with 


the other ſweep an Arch, which will croſs the Former 
in B; laſtly, join the Points B A and B C, ſo the 
Triangle will be conſtructed, and the Angles may be 
meaſured ey the Line of Chords, 


By Calculation. 


Let fall the Perpendicular B D from * Vertex 


B, upon the Baſe A C, which will divide the Baſe 
into the two Segments AD and DC, and to find 


the Lengths of theſe, we have, by 7. Heorem 4. the 


following Proportion, vi. 1 
8 


wt „ „ 
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As the Baſe AC - - - - - 1845.7 - 2:26893 
is to the Sum of the Sides AB and BC 240 - 2.38031 


ſo is the Difference of the Sides - 72 - 1.85733 


to the Diff. of the Segments of the Baſe 93 1.96871 


And having the Sum of the Segments, viz. the 
whole Baſe, and their- Difference, we find the SCg- 
ments themſelves, by Theorem 3. thus, Ok 


To half the Sum of the Segments - 92.8 
add half their Difference - - - - - 46.5 


and the Sum i is the greater e AD - 1 39 3 


Alſo from half the Sum of the Segments - 92.8 
take half their Difference al „ 46 & 


the Remainder is the leſſer Segment Be 40 - 3. 


' Now the Triangle ABCis divided, by the Per- 
pendicular DB into two right- angled Triangles, 
ADB, and DBC; in the Grit of which are given 
the Hypothenuſe AB 156, and the Baſe AD 139.3 
to find the oblique Angles, for which we have (by 
Caſe 5. of rectangular Trigonometry) the following 
Analogy, viz. 


% A is 2-19313 
ue A - '- =>" + 139-3 © 2.14395. 
ſo is the Radiun 90 10. 00000 


to the Co-Sine of the Angle A 269, 40 9 9.9508 ; 
Alſo the Angle Ci is found by the ſame Caſe, thus, 


CCTV 1.92428 
is to o ð ᷣ 46.3 1.66536 
ſo is the Radius - - go? 10. 00000 


to the Co-Sine of C 56, 3000 9.74130 
Se | UE ie Having 
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£ Having "TAO the two Angles A and C, we have 
| < the Third, B, by taking the Sum of the other two 
=. from 180, thus, | 


| The Sum of all the three Angles i is - 180”, 
| the Sum of A and C is C NN - of gd Cog 


. ˙ + » "06% 50 


All the Proportions ud for the Solutions of the 
ſeveral Cafes in Plain Trigonometry, may be performed 
by the Scale and Compaſs. On the Scale there are 
ſeveral Logarithmic Lines, vig. one of Numbers, 
another of Sines, and one of Tangents, &c. And 
the Way of working a Proportion by theſe is this, 
viz. Extend your Compaſſes from the firſt Term of 
your Proportion, found on the Scale, to the Second, 
and with that Extent, fixing one Foot in the third 
T erm, the other will reach the fourth Term required. 
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SECT. Il. 


| Of the Principles of GE OGRAPHY and 
=: ASTRONOMY. 


1. HE Land and Water of this Earth make 
up a Compoſition of a ſpherical Form, or 
rather an oblong F. iure, ien is called the Terra: 
queous Globe. © 
2. This Globe moves round it's Axis in 24 Hours, 
from Weſt to Eaſt; and thereby cauſing the celeſtial 
Bodies to revolve, apparently from Eaſt to Weſt, in 
the ſame Time, makes the Wan of Day and 


Nig ight. 


3. Theſe 
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Theſe two Points in which the Axis of the 
Earth meets the Surface, are called the Poles of the 
Farth; and if the Axis be produced on both Sides 
to the Heavens, it will cut them in two oppoſite 
Points called the Celeſtial Poles. The one towards the 
North is called the Arctic Pole; and the other towards 
9 South, the termed Antarttic. 
Circles upon a Sphere are either Great or Leſſer. 
A Great Circle is that whole Plain paſſes through the 
Center of the Sphere, or whoſe Diameter is equal to 
the Diameter of the Sphere. A Leſſer Circle is that 
E whoſe Plain does not paſs thro' the Center of the 
Sphere, or whoſe Diameter 1s leſs than the Diameter 
of the Sphere. 
Cor. 1. Hence it is plain, that all great Circles upon 
a Sphere divide it into Halves, and all leſſer Circles 
divide it unequally. 
Cor. 2. And fince all great Circles have the ſame 


Center, viz. that of the Sphere, it is poo they muſt 
biſect one another. 


dine the Earth moves round it's Axis, tis 
plain that every Point in the Surface (except the two 
Poles which are at Reſt) will deſcribe the Circum- 


ference of a Circle; and that which is deſcribed by a 
Point lying in the middle between the two Poles, is 
called the Equator, or ' Equinottial Line, or ſimply the 
Line. 
6. If the Plain of the Equator be produced to the 
Hs it will there mark out a Circle called the 
Celejtial Equator, which will divide the Earth and 
Heavens into two Hemiſpheres, that towards the 
North called the Northern Hemiſphere, and that to- 
wards the South, the Southern. 

Great Circles paſſing through the Poles of the 
World, and cutting the Equator at Right Angles, 
are called Meridians ; and that which paſſes over any 
Place, 18 called the Meridian of chat Place. 


8. The 
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8. The Diſtance of any Place upon the Earth, 
from the Equator, counted in Degrees upon the Me- 
ridian, is called the Latitude of that Place ; and it is 
either North or South, according as it lies upon the 
| North or South Side of the Equator. 

9. Since by the Rotation of the Earth about it's 
Axis, every Point upon it's Surface deſcribes a Circle, 
ha lain all the Points between the Equator and Poles, 

deſcribe Circles parallel to the Equator ; and 
theſe are called Parallels of Latitude. 
10, The Difference of Latitude between two Phe 
is the Arch of a Meridian, contained between the Pa- 
rallels of Latitude paſſing over theſe Places. 

Cor. 1. Hence if the two Places lie both on the 
ſame Parallel, they will have no Difference of Lati- 
tude. 

Cor. 2. If the Places lie both on the ſame Side of 
the Equator, and on different Parallels, then their 
Difterence of Latitude is found by taking the leſſer 
Latitude from the greater. 

Cor. 3. But if the Places lie on different Sides of 


the Equator, then their Difference of Latitude is 


equal to the Sum of the two Latitudes. 

11, The Complement of the Latitude of any Place, 
is that Latitude taken from go Degrees, or the Di- 
ſtance of the Place from the neareſt Pole. 

12, The Longitude of any Place upon the Earth, 
is an Arch of the Equator intercepted between the 
firſt Meridian, and the Meridian paſſing thro” the pro- 
poſed Place. Which is equal to the Angle at the Pole 
tormed by the firſt Meridian and the Meridian of the 
| 7 8 
13. The firſt Meridian may be placed at Pleaſure, 
piſſing thro' any Place; as London, Paris, Teneriff, 
.&c. and the Longitudes counted from it will be either 
Eaſt or Weſt according as they lie on the Eaſt or Weſt 
Side of that Meridian. 


"T4 The 
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14. The Difference of Longitude between two Places 
upon the Earth, is an Arch of the Equator compre- 


' hended between the two Meridians of theſe Places, 
and the greateſt poſſible is 180 Degrees, viz, when 


the two Places lie on oppoſite Meridians. 
15. Since by the Motion of the Earth about it's 


Axis, every Point upon the Surface deſcribes the 


Circumference of a Circle or 260 Degrees, in 24 
Hour's Time, *tis plain in one Hour it muſt deſcribe 
15 Degrees; therefore any Place lying 15 Degrees to 
the Eaſtward of another, has the Sun upon it's Me- 
ridian 1 Hour ſooner than the other; fo when it is 


twelve o'Clock in the eaſtermoſt Place, it will be but 


eleven in the other, 


Cor. Hence the Difference of Longitude may be 
converted into Difference of Time, by allowing 1 


Hour for every 15 Degrees, and proportionally for 
Minutes, Sc. alſo Difference of Time may be con- 
verted into Difference of Longitude, by allowing 15 
Degrees for every Hour, and proportionally for other 


Time. Conſequently by knowing the one, we can 
find the other. 


16, If we ſuppoſe a Plain roucking the Surface of 


the Earth in any Point, (upon which a Spectator 


is ſtanding) and produced to the Heavens, it will 


there make a Circle called the Horizon, which ſe- 


parates the viſible from the inviſible. Part of the 


Heavens. This Horizon is properly the /en/ible 
Horizon; the true or rational Horizon is a great 
Circle parallel to the ſenſible, and paſſing thro the 
Center of the Earth, which divides the Heavens and 


Earth into two Halves, called the Upper and Lower 


Hemiſpheres. 


17. Theſe two Horizons when produced to the 
Heavens, may, without any ſenſible Error, be ſup- 
poſed to coincide: The Diſtance between them, or 


the Earth's Semidiameter, vaniſning when 1 
with ek a — 
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18. Since the Earth moves round it's Axis from 


Weſt to Eaſt, tis plain a Spectator upon it's Surface, 
together with his Horizon, muſt move the ſame 


Way; conſequently theſe Celeſtial Bodies towards 


the Eaſt, that were before inconſpicuous, will be- 
come viſible, the Horizon being depreſſed below 
them; and thoſe towards the Weſt, that were be- 


fore in View, will become inviſible, the Horizon be- 


ing elevated above them. And hence ariſes the ap- 
parent Motion of all the heavenly Bodies, by which 
they appear to deſcribe Circles round the Poles, pa- 
rallel to the Celeſtial Equator, which are greater or 
leſs according as they are more or leſs diſtant from the 
neareſt Pole. 

19. When any Celeſtial Body comes firſt in View, 
or when it is on the Eaſtern Side of the Horizon, it 
is then ſaid to Riſe; and when by it's apparent Mo- 


tion it comes to the Meridian, it is ſaid to Culminate; 
and laſtly, when it begins to diſappear, or is upon 


the Weſtern Side of the Horizon, it is then ſaid to 
Set. 

20. If through the Center of the Earth there be 
drawn a Line perpendicular to the Plain of the Ho- 
rizon, and produced to the Heavens, it will there 


mark out two Points, the one, which is directly 
over our Heads, is called the Zenith; and the oppo- 


ſite Point thereto, which is inviſible to us, viz, di- 
rectly under our Feet, is called the Nadir. 


21. Vertical or Azimuth Circles, are great Circles 


paſſing thro' the Zenith and Nadir, and cutting the 
Horizon at right Angles. Among the vertical Cir- 
cles there are two principal ones, vi. the Meridian, 
which paſſes through the Zenith, Nadir, and Poles, 
and cuts both the Equator and Horizon at right 


Angles; the Points in which it cuts the Horizon are 


the South and North Points; and the other princi- 
pal Vertical, called the prime Vertical, is that which 
cuts the Meridian at right Angles, and meets the 

Horizon 
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Horizon in two oppoſite Points, called the Eaſt and 


A Wt | 
22. Leſſer Circles parallel to the Horizon are 
called Almicanthers, or Parallels of Altitude. And 
theſe continually decreaſe the nearer they are to the 
Zenith. 5 | 1 

23. The Altitude, or Depreſſion of any heavenly 
Body above or below the Horizon, is an Arch of a 
vertical Circle intercepted between the Horizon and 
JJõ;öß;sJͤ è᷑d ne | 

24. The Zenith Diſtance of any heavenly Object, 
is that Arch of the vertical Circle paſſing through 
it, intercepted between the Center of the Object 
and the Zenith, which is always the Complement of 
the Altitude. he Need 
25, Let the Circle AH N O repreſent the Earth, 
projected on the Plain of ſome Meridian, A ſome 
Place upon that Meridian; draw the Diameter H O 
at a Quadrant, or 90 Degrees, Diſtance from A; 
then H O will repreſent the Horizon of the Place A 
(by Art. 16. of this). Let P and p be the two 
Poles; conſequently Pp the Axis of the Earth, 
and the Diameter E Q at right Angles with that, 
will repreſent the Equator, (by Art. 5.) make P a 
equal to PA, and draw the Circle A @ parallel to 
the Equator E Q, and this will be the Parallel of 
Latitude the Place A lies on. The Arch A E will be 
the Latitude of the Place A, and A P the Comple- 


ment of it's Latitude (by Art. 8. and 11.), the Point 


in the Heavens directly above A will be the Zenith, 
and that directy above N will be the Nadir of the 
Place A (by Art. 20), the great Circle A CN will be 
the prime Vertical (by Art. 21.), and the Points H and 
O will be the South and North Points, and C will 
repreſent the Eaſt and Weſt Points in the Horizon 


of A. Let S be any heavenly Object, and A S N 
2 vertical or azimuth Circle paſſing through the Cen- 


ter 
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ter of the Object; alſo KS it's parallel of Altitude; 
then 8 vill be the Altitude and SA the Zenith 
Diſtance of the Object S (by Art. 23. and 24). A- 


gain, let any other Place upon the Earth be aſſumed, 
as B, and it's Meridian will be P Bp, and it's Parallel 
of Latitude DB Ad; then the Latitude of B will be 
BF or DE, and the Complement of it's Latitude 
1 will be BP or DP. Alſo the Difference of Latitude 
_ between the two Places A and B, will be BL or DA 
(by Art. 10). If the Meridian paſſing thro' A, be 
3 oſed the firſt Meridian, then the Longitude of B 
will be EF (by Art. 12); but if the Meridian of A 
be not coal: the firſt Meridian, then the Difference 
. of Longitude between the two Places A and B will be 
= EF (by Art, 14): 
26. The Syſtem of the Univerſe, according to 
the lateſt Aſtronomers, is as follows, viz, The Sun 
is 
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is ſuppoſed to be in the common Center of Gra- 
vity of ſix opake ſpherical Bodies called Planets, 
which are at different Diſtances from the Sun, and 
perform their ſeveral Periods round him in dif- 
ferent Times; the Names of theſe Planets and the 
Characters by which they are expreſſed, are as fol- 
low, viz. Mercury , Venus 7, the Earth ©, 


2 


D 


Mars d, Jupiter u, and Saturn b. And they all q 


move round the Sun, from Weſt to Eaſt, in Orbs 
very little inclined to one another, and the Plains 
of theſe Orbs cut one another in Lines paſſing 
through the Center of the Sun; conſequently 2 
„ 5 5 Spectator 
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Spectator placed in-the Center of the Sun, will 8 
in the Plain of each of their Orbs, and will there 
view the Planets, performing their ſeveral Periods 


round him, from Weſt to Eaſt, æccording to the 


Order of the Letters ABCD, (in the annexed Scheme) 
and in different Times, viz. Mercury 8, which is 
neareſt the Sun, moves round his Orb in 87 Days, 
and 23 Hours, or three Months nearly. Then 


Venus Y, which is next to Mercury, periorms her 


Period in 224 Days and 17 Hours, or about 


8 Months. The Planet which is third in order 
from the Sun, is our Earth ©, which performs it's 


Circuit in 365 Days, 5 Hours, and 49 Minutes, or 


a Tear. Next to the Earth is Mars d, who moves 


round his Orb in 686 Days and 23 Hours, or a little 
leſs than 2 Years. Then Jupiter u, whole Orb is 


vaſtly extended beyond that of Mars, performs his 
Circuit in 4332 Days, 12 Hours, which is about 
12 Years. And laſtly Saturn b, who is furtheſt 


diſtant from the Sun, compleats his Revolution in 
10759 Days, and 7 Hours, which is ſomething lets 
than 3o Years. Their Diſtances from the Sun ex- 
preſſed in the Scheme, are nearly proportional to their 
8 Diſtance? in the Heavens. 

Three of the Planets, viz. Mars, Jupiter, 
ED Saturn. whoſe Orbs are beyond that of the 
Earth, are called ſuperior Planets; and the two 
Planets. Venus and Mercury, whoſe Orbs are be- 
tween the Earth's Orb and the Sun, are called the 
inferior Planets. 


28. The three Planets, Jupiter, Saturn, and the 


Earth, are obſerved to have other ſmaller ones 
conſtantly attending them, called Secondary Planets 
or Satellites. Thele Satellites always attend their 
reſpective Primaries in their Revolutions about the 


Sun, and at the ſame Time they are conſtantly 
moving about them; the Earth has one, ix the 
. Moon, 


Pd 
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Moon, which attends it in it's annual Revolution 
about the Sun, and at the ſame Time moves round 
it as a Center, in about 27 Days, and 7 Hours. 
upiter has four Satellites attending him, which are 


at different Diſtances from him, and move round 


him in different Times, viz. that which is inner- 
moſt, or neareſt his Body, revolves in 1 Day 
18 Hours; the next deſcribes it's Orbit in 3 Days 
and 13 Hours; the third moves round in 7 Days 
and 3 Hours; and that which is furtheſt from Ju- 


piters Body, performs it's Cireuit in 16 Days and 
18 Hours. Saturn has five Satellites moving round 
him as a Center, which are at different Diſtances 
from his Body, and perform their Revolutions in 


different Times, viz. the firſt or neareſt to him, 
performs it's Circuit in 1 Day, 21 Hours; the ſe- 
cond, in 2 Days, 17 Hours; the third, in 4 Days 


13 Hours; the fourth, in 15 Days 22 Hours; and 
the fifth, or the moſt remote from the Body of 
Saturn, compleats it's Revolution in 79 Days and 


8 Hours . 
29. The fixed Stars are Tuppoſed to be of the ſame 


Matter with the Sun, and made for the ſame Ends, 


viz, each of them the Center of it's own proper 


has. | En, 
30. Having given a curſory View of the Syſtem 


of the Univerſe, we ſhall now conſider the Motion 


of the Earth, a little more particularly. Let 8 


repreſent the Sun in the Center, AB CD the Orbit 


of the Earth, and Y s <> uf the Heaven of the 


fixed Stars; then if the Obſerver be ſuppofed to be 
placed in the Sun at 8, *tis plain when the Earth 


is in the Point A of it's Orbit, it will appear to be 
at the fixed Star Y, and while in moving from Weſt 
to Eaſt, it goes from the Point A of it's Orbit to 


B, it will appear to the Obſerver at S to paſs by 
— — — 


Syſtem, having Planets moving round it as our Sun 
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the fixed Stars Y u; and in moving from B 
to C, it will appear to 18 by the fixed Stars 


* 


* 


+ 1 7 


3 N mM ; and from C to D, the fixed 3 
m 1 V; and from D to A the fixed Stars Vf i 
. M. Again, let the Obſerver be removed from 
the Sun to the Earth, then 'tis plain when the Earth 
is the Point A of it's Orbit, the Sun S will appear 
to be in the oppoſite Point of the Heavens, 212. at 
the fixed Star =; and while the Earth is moving 
in it's Orbit from A to B, the Sun will appear to 
paſs by the fixed Stars = m f ; alſo while the 
Earth moves from B to A, the Sun will er to 
have moved from . by the tixed Stars 5 X, Sc. 
to. ; ; conſequently the Sun to an — * of the 

Earth 
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Earth will appear to paſs over the ſame fixed Stars, 
and towards the ſame Part of the Heavens, i. e. from 
Weſt to Eaſt, as the Earth appeared to an Obſerver 


in the Sun, 
31. Hence ariſes the apparent Motion of the Sun 


from Weſt to Eaſt. So that if any fixed Star be 
obſerved to riſe with the Sun; ſome Days after, the 


Sun will have moved more eaſterly, and the Star 
will riſe before the Sun, and alſo ſet before it: alſo 
if a Star, in or near the Path which the Sun appears 


to deſcribe in his annual Motion, and at ſome. Diſtance 
from the Sun, be obſerved above the Horizon after 
Sun-ſet, it will ſome Time after that appear to ſet 


with the Sun, and for a while, will not be wine at 
Night. 


32. The ſame Way the Sun will appear to an Ob- 
ſerver in any of the other Planets to move from Weſt 
to Eaſt, and to deſcribe the ſame Orbit in the Heavens 
that the Planet would appear to do to an Obſerver 1 in 


the Sun. 


an Obſerver i in the Sun, or the Sun to an Obſerver in 


the Earth, appears to deſcribe is called the Echptick, 
_ and it is divided into twelve equal Parts called Signs, 
each containing 30 Degrees, viz. the r of 360. 
The Names and Characters by which theſe "Signs are 


uſually expreſſed, are as follow. 


Y 3 


1 pu KR * 
Ga. Taurus, Gemini, Cancer, Leo, Virgo, Libra, 


PAN 
AV 


; Scorpio, Sagittarius, Copricornus, Aquarius, Piſces, 


34- Since the Earth is a ſpherical Body expoſed 


to the Rays of the Sun, *tis plain half of it's Body 


muſt be enlightened, while the other half is in 
Darknels ; 3 and if there be a Line drawn from the 


G 2 —— Center 


zZ in iche Havens: thar oh Kath ts 
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Center of the Sun to that of the Earth, and a Plain 
perpendicular to that Line paſſing thro' the Center of 
the Earth; then this Plain will cut the Earth in a 
great Circle, which will ſeparate the enlightened 
trom the darkened Hemiſphere ; and this Circle 15 
called the Terminator of Light and Darkneſs upon 
the 2 N | 
If the Plain of the Earth's Equator boy. in the 
Plan of the Ecliptick, and conſequently the Earth's 
Axis were perpendicular to the Ecliptick, then the 
Terminator of Light and Darkneſs would be a 
Meridian; for let the Circle PE pQ repreſent the 
Earth, P and p it's two Poles, E Q the Equator, 
S the Center of the Earth, and S the Sun laying 
In the ſame Plain with E Q; then, by the laſt Ar- 
ticle, the Terminator muſt be perpendicular to S C, 
and, conſequently, in this Caſe, to the Plain of the 
Equator E Q; but ſince all great Circles perpen- 
_ dicular to the Equator muſt pats thro' the Poles, 
and ſo be Meridians; it follows that in this Caſe 
the Terminator muſt be a Meridian, as Pp. And 
ſince all Meridians biſe& the Equator (by Art. 4. 
Cor. 2, of this) they muſt alſo biſe&t it's Parallels, 


conſequently the Terminator which is here a Meti- 
dan, muſt biſect the Equator and all it's Parallels 
| fo 


lightened, and the other Half in Darkneſs, and ſince 
by the Motion of the Earth about it's Axis, every 
Point upon it's Surface, except the Poles, deſcribes 
a Circle parallel to the Equator ; it plainly follows, 
that if the Plain of the Equator lay in the Plain 
of the Ecliptick, every Point upon the Earth's Sur- 


face, except the two Poles, would have the Sun 


as long above it's Horizon as below it, and ſo 
there would be a conſtant Equality of Day and 
Night, viz. 12 Hours each; and the two Poles 


would have the Sun conſtantly moving round their 


Horizon. | 

36. The Axis of the Earth is obſerved to be in- 
clined to the Plain of the Ecliptick at an Angle 
of about 66 4 Degrees, and conſequently the Plain 


of the Equator muſt be inclined to the Ecliptick, 


at an Angle of 23 + Degrees, viz. the Complement 
of the former. Alſo the Axis of the Earth in it's 
annual Motion about the Sun, keeps always parallel 


to the ſame Line; ſo if there be a Line drawn 
thro' the Center of the Sun, parallel to the Earth's. 


Axis, while in any Point of it's Orbit, that Line 
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d the Half of each Parallel muſt be always en- 


will continue parallel to the Axis, whatever Point 
of the Orbit, the Earth be in (at leaſt in a Year's 


(3 3 Time 
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Time the Difference is inſenſible). And this muſt 
neceſſarily happen, if the Earth had no other 
Motion but a progreſſive. one in it's Orbit, and 
a Rotation about it's Axis For ſuppoſe any 
{pherical Body as P Ep Q, whole Center moves 
along the Line AB, and while in A, let any 
Diameter of it as P p, be aſſumed, inclined any 
Way to the Line AB; then *tis plain if the Body 
had no other but the progreſſive Motion, when 
it has come to B, the Diameter Pp h will ſtill 
be parallel to it's former Situation while in the 
Point A; and if the ſame Body be ſuppoſed 
allo to move round it's Axis P p, *tis plain all 
Parts of it would conſequently be changing their 
_ Situations, except the Axis which is no way at- 
fected by the Rotation, and conſequently the 
Axis muſt always keep parallel to the lame right 
Line, is 
357. Since the Plain of the Equator is inclined. 
to the Plain of the Ecliptick, therefore they 
muſt interſect one another in a right Line paſſin 
through the Center of the Earth, and the Plain of 
the Ecliptick muſt cut the Earth in a great 
Circle, which will be inclined to the Equator 
at an Angle of 23 Degrees, and this will mark 
out upon "the Earth's Surface, the Path of the Sun 
in his annual Motion; the Line in which the 
Equator interſects the Ecliptick, muſt always 
be parallel to the fame Line, whatever Point of 
the Orb the Earth be in; as is evident from the laſt 
Article. 
38. If thro' the Center of the Sun, there be 
drawn a Line perpendicular to the Plain of the 
Ecliptick; then this Line is called the Axis of the 
Ediptich, and the two oppoſite Points in which the 


Axis meets the Heavens, are called the Poles of the 
| r 3 


39. That 


the Poles of the Ecliptick and World, is called the 


Solſtitiai Colure. The four Points in which theſe 


Colures cut the Ecliptick, are called the Cardinal 
Points. Theſe two in which the equinoctial Colure 


meets the Ecliptick, are called Equinoctial Points; 
becauſe (as ſhall be ſhewn) when the Sun is in ei- 


ther of them there is an Equality of Day and Night 


to the Inhabitants of the Farth; and the two Points 


in which the ſolſtitial Colure cuts the Ecliptick, are 
called the Solſtitial Points; becauſe when the Sun 
comes to either of theſe Points, he is then at his 
greateſt Diſtance from the Equator: and is beginning 
to return to it again. 

10 10 explain the Phænomena or Appearances 


that ariſe from the Earth's annual Motion about the 
Sun; ſuppoſe ＋ v S = the Farth's Orbit, and 8 
the Sun ; thro' S draw the right Line = S Y, 
wallel to the common Line of Interſection, of the 3 
Ecliptick and Equator, and meeting the Ecliptick 


in the two Points Y and =; allo thro' S draw the 


Line S S perpendicular to the former; then, | 
tis plain when the Earth is in the Point = of it's 
Orb, the Line S =. joining the Centers of the Sun 


and Earth, will ande with the common Inter- 


ſecdion of the Ecliptick and Equator, and fo lie in 


the Plain of the Equator, and conſequently be per- 
pendicular to the Earth's Axis; and ſince (by Art. 
34.) this Line is alſo erpendicular to the Tang. 
tor of Light and 575 *tis plain that the Axis 


of the Earth will lie in the Plain of the Terminator, 
which therefore muſt paſs thro' the two Poles, and 


lo be a Meridian; alſo the Sun will appear in the 


— Point of the Orbit at Y, viz, in the Line 


4 1 
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9. That great Circle in the Heavens which paſts 
thro' the Poles of the World and the Points of In- 
terſection, of tbe Ecliptick and Equator, is called 
the Equinoctial Colure. And that great Circle which 
is at right Angles with the former, and paſſes thro” 
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28 produced, that is, in the Plain of the Equator; j 
and conſequently by his apparent daily Motion, he 
will deſcribe the celeſtial Equator. And ſince in 
this Situation of the Earth, the Terminator of Light 
and Darkneſs is a Meridian, it will biſect the Equa- 
tor and it's Parallels; conſequently the Half of each 
Parallel will be in the enlightened Hemiſphere, and 
the other Half in the darkened ; and every Point upon 
the Surface of the Earth, deſcribing by it's daily 
Motion, either the Equator or ſome of it's Paral- 
lels; it plainly follows, that when the Earth is in 
the Point = of it's Orb, each Place upon it's Sur- 
face, will be as long in the enlightened Hemiſphere 
as in the darkened, i. e. there will be an Equality of 
Night and Day (viz. 12 Hours each) over all 
the Earth, except at the two Poles, where the Sun 
will appear to deſcribe the Horizon of each, viz. the 
„„ 
: The Earth, by it's annual Motion being carried 
| along the Signs 5 f, the Line of Interſection of 
the Ecliptick and Equator remaining always parallel 
to itſelf, it cannot now be directed towards the Sun; 
but when the Earth is in the firſt Point of , it 
muſt make with the Line S M, joining the Centers 
of the Earth and Sun, a right Angle. And ſince 
the Line 8 F is not in the Plain of the Equa- 
tor, but of the Ecliptick, the Angle B Y 8, that 
the Axis of the Earth A B makes with 8 , will 
be acute, equal to 66 * Degrees, viz. the Inclina- 
tion of the Axis of the Earth to the Ecliptick. Thro' 
the Center of the Earth , draw the Circle F L, 
perpendicular to S M, and this will be the Termi- 
nator of Light and Darkneſs, (by Art. 34.) and the 
6 Arch BL will be 23 + Degrees, viz. the Comple- 
ment of TB. Thro' the Center , draw the Circle | 
QE perpendicular to the Axis A B, and this will 
be the Equator ; then fince the Arch E B is equal 
19 to the Arch T L., (beipg each a Quadranz) by tak-. 
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equal to BI., i. 5.123 + Degrees, Make the Arch 
a | MN 
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E M equal to ET, and thro' the Points T and M 
draw the Circles TC, MN parallel to the Equator ; 
then *tis plain that when the Earth 1s in the Point 
of it's Orbit, the Sun will be perpendicular to 
he Point T, diſtant from the Equator E Q, to- 
| wards the North Pole B, 23 + Degrees, which is 
his greateſt Declination North. The parallel FC 
is called the Tropick of Cancer, and the Circle in the 
Heavens concentric with this, which the Sun ap- 
pears to deſcribe at that Time, is called the Cele/t:al 
Tropick of Cancer; becauſe the Sun at that Time ap- 
pears to be in the Sign s. And becauſe of the 
Earth's Rotation about it's Axis, *tis plain that all 
the Points ſituate upon the Parallel T C, will have 
the Sun, when upon their Meridian, in their Ze- 
nith, Alſo when the Earth is in this Poſition, 'tis 
plain that the Terminator of Light and Darkneſs 
FL, will go beyond the North Pole B to L, 2 * 
b Degrees diſtant from B; and conſequently the 
South Pole A muſt be as far from the Terminator 
LF in the darkened Hemiſphere. Thro' the Points 
L and F, draw the Circles LK, FG parallel to 
the Equator, and theſe Circles are called Polar Cir- 
cles, that towards the North is called the Arlich 
Circle, and that towards the South is called the 4 - 
tartick Circle, Now ſince the Earth moves round 
upon it's Axis A B, *'tis evident that every Point 
within the artick polar Circle K L, will, at that 
Time, have a continued Day ; and, on the contrary, 
every Point within the antartick polar Circle F G, 
will have a continued Night. 
Again, the Earth moving forwards thro' the Signs 
= X to Y, the Sun will appear to move thro' the 
"Signs . K, 7, and by Degrees to return again to 
the Equator ; ; and when the Earth has come to the 
Point Y of it's Orbit, the Sun will appear to be at K 
Now the common Interſection of the Ecliptick and 
9 1 ſtill e Fa del to the Line = S , *tis 


Hoang Plain 
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jon. that when the Earth has come to Y, the 


ine S Y, joining the Centers of the Earth and Sun, 
will lie in the Plain of the Equator; and conſe- 


quently the Sun will appear in the celeſtial Equator, 


and there will be an Equality of Night and Day, 


the ſame Way as when the Earth was in =; and in 
this Situation, the Terminator of Light and Dark- 


neſs will again paſs thro” the two Poles. 
The Earth moving forwards thro' the Signs 


s u, the Sun will appear to move thro? the op- 


polite Signs > me, gradually declining from the 
Equator, towards the South Pole, and when the 
Farth comes to , the Sun appears to be in F. 
Now ſince the Axis of the Earth AB, does not change 
it's Inclination to the Ecliptick, the Earth will have 


the like Aſpect and Poſition with reſpect to the Sun, 


as it had when in the Point H of it's Orbit; but with 
this Difference, that he is now as far on the South 
Side of the Equator, as (when the Earth was in ) 


he was on the North Side, . e. 23. Degrees, and 


is perpendicular to the Foint N; the Parallel N M is 


called the Tropick of Capricorn, and the Circle in the 


Heavens contentric to this which he appears to de- 
ſcribe at this Time, is called the Celeſtial Tropick of 
Capricorn; becauſe at this Time the Sun appears to 
be in the Sign ; allo, all within the North polar 
Circle K L., Which was enlightened when the Earth 
was at Y, is now 1n Darkneſs, and all within the 
South polar Circle, is now enlightened. 

41. We ſhall now conſider more particularly the 
Appearances that happen to the different Places 
upon the Earth, ariſing from it's annual Motion 
about the Sun, in Conjunction with the Rotation 
about it's Axis. In order to which we muſt conſider, 


that the Inhabitants of this Earth, with reſpect to 
their Situation upon it, are divided into three Kinds, 
viz, Firſt, Such as ve upon the Equator, Se- 


fondly, Such as live between the Poles and Equator. 
| = ; "Tomy 
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Thirdly, Such as live upon either Pole. As for thoic 
that live upon the Equator; let Ep Q be the 
Projection of the Earth upon the Plain of ſome Me- 
ridian, P the North, and p the South Pole, E Q the 
Equator, and E ſome Place upon it; alſo D A the 
Ecliptick, C D the Tropick of Capricorn, and A B 
the Tropick of Cancer. Then *tis plain that an 
Inhabitant upon the Equator, ſuppoſe at E, will 
have the two Poles P and p in the Horizon, which 
therefore muſt be a Meridian. And ſince all Me- 
ridians biſect the Equator and it's Parallels at right 
Angles, and all the Heavenly Bodies deſcribing 
Parallels in their apparent diurnal Motion; 'tis 


C 


* | | 
evident that in one entire Revolution of the Earth 
about it's Axis, all the Heavenly Bodies muſt come 
in View, and they muſt rife and ſet perpendicular 
to the Horizon, and be as Jong above it, as below, 
7. e. twelve Hours each. Now the Sun always de- 
ſcribing ſome Parallel, or the Equator itſelf, in his 
diurnal Motion; it follows, that to an Inhabitant 

eee | upon 
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upon the Equator there muſt be a conſtant Equality 
of Night and Day, viz. twelve Hours each; and 
when the Sun in his annual Motion comes to be 
perpendicular to the Point F, he will then deſcribe a 
the Equator in his diurnal Motion; and conſe- ; 
quently when he comes upon the Meridian of any 
Place, E, on the Equator, he will be in the Ze- 
nith of it; and moving on in the Ecliptick till he 
be perpendicular to the Point A, (when he is at 
his greateſt Declination from the Equator towards 
the North Pole P, viz. 23 Degrees) he will then 
| deſcribe the Tropick of Cancer AB, and when he 
comes on the Meridian of E, he will be removed 
| from the Zenith towards the North 23 + Degrees; 
and moving {till on in the Ecliptick, he will appear 
to return towards the South, and paſling the Zenith 

of E, he will go as far South, as he was before 
North, viz. 23 + Degrees. Conſequently an Inha- 
bitant on the Equator will have the Sun in his Ze- 
nith twice in one Year, and alſo the Sun will be half 
the Year on the North Side, and half the Year on 
the South Side of him; and therefore will be con- 
ſtantly changing his Place in the Horizon, for when 
he is deſcribing the Parallel A B, he will appear in 
the Horizon at G, and when he is deſcribing the 
Equator E Q, he will be in the Horizon at F (the 
Laſt or Weſt Points); alſo when he is deſcribing the 
Parallel CD he will appear in the Horizon at H 
South of the Point F. 85 5 
Again, Let PE p Q repreſent the Projection 
of the Earth on the Plain of ſome Meridian, P 
the North, and p the South Pole, E Q the Equa- 
tor, and A ſome Place upon that Metjdian, lying 
between the Equator and North Pole, *Whoſe Ho- 
rizon is HO; alſo BD the Echptick, BN the 
Fropick of Cancer, and FD the Tropick of Capri- 
corn; thro' the Points H and O, draw the Parallels , 
OG, HK. Then iis plain, that to an ahabirant 
at. 
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at A, the North Pole P will be elevated above, 
and the South Pole p depreſſed as much below the 
Horizon; and the Horizon will cut the Equator 
and it's Parallels obliquely. Now ſince the Hori- 
zon and Equator are both great Circles, they muſt 
biſect one another (by Art. 4. Cor. 2.); therefore 
Half the Equator will be above, and Half below 
the Horizon; conſequently when the Sun is per- 
pendicular to the Point C, that is, when he ap- 
ars to be in the Equator, there will be an Equa- 
ity of Night and Day. And ſince the Horizon 
cuts the Parallels obliquely, it muſt therefore cut 
them unequally, and *tis plain from the Scheme, 
that of thoſe Parallels which lie between the Equa- 
tor and neareſt Pole, the greater Part is above the 
Horizon, and the leſſer below; and thoſe that lie 
on the other Side of the Equator, has the leſſer 


» 46 


Part above, and the greater below the Horizon; 
and the nearer the Parallels are to the Poles, the 
more unequally are they cut by the 1 

conſe- 
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conſequently while the Sun is upon the North Side 
of the Equator, and by his diurnal Motion deſcrib- 
ing Parallels, lying between the Equator and North 
Pole; 'tis plain he will be longer above than below 
the Horizon of the Place A; and when he comes 
to his greateſt Declination North, and then de- 
ſcribes the Tropick of Cancer, *tis plain the Days 
muſt then be at the longeſt to the Place A; alſo 
the Sun returning towards the Equator, he will 
deſcribe Parallels, whofe Parts above the Hori- 
zon, grow ſtill nearer to an Equality with thoſe 
below, and- ſo the Days will ftill decreaſe and 
come nearer to an Equality with the Nights, *till 
he come to the Equator, when the Day and Night 
are equal; and proceeding from the Equator towards 
the South Pole, he will then deſcribe Parallels ly- 
ing between the Equator and South Pole, whoſe 
leaſt Part is above, and greateſt Part below, the 
Horizon; and conſequently the Days will ſtill grow 
leſs than the Nights 'till he comes to the Tropick 
of Capricorn, when the Day is leaſt and the Night 
greateſt; and then returning to the Equator, the 
Days will increaſe and the Nights decreaſe. When 
the Sun is upon the Equator, *tis plain, from the 
Scheme, that his Place upon the Horizon will be C, 
that is, he will riſe on the Eaſt Point and ſet on 
the Weſt Point of the Horizon, and when he is in 
the Tropick of Cancer B N, his Place upon the 
Horizon will be M, which is North of the Point 
C, alſo when he is in the Tropick of Capricorn 
F D, his Place upon the Horizon will be L, which 
is South of the Point C; from which 'tis plain, that 
the Sun will be always changing his Place upon the 
Horizon. Again, ſince the Horizon of A cuts 
the Equator and it's Parallels obliquely, and the 

Heavenly Bodies by their apparent diurnal Motion, 
deſcribing Parallels, 'tis plain they muſt riſe and 
ſet obliquely; - alſo. all of them within the 3 
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GO can never riſe or ſet, but muſt be conſtantly 
in View; for which Reaſon this Parallel GO is 
called The Circle of conſtant Apparition; and all with- 
in the Parallel H K can never come in View, but 
be conſtantly below the Horizon, and therefore 
the Parallel HK is called The Circle 'of Perpetual 
Occultation” CC 5 
Laſth, Let PE pQ repreſent the Projection 
of the Earth upon ſome Meridian, P the North 
and p the South Pole, E Q the Equator, A B the 
Ecliptick, B C the Tropick of Cancer, and A D 
the Tropick of Capricorn; then 'tis plain that the 
Equator is the Horizon of both Poles, and conſe- 
quently the Northern Hemiſphere muſt always be in 
View, and the Southern always hid to an Inhabitant 
at P; alſo the Heavenly Bodies will appear to 
move in Circles parallel to the Horizon, and the 


ws xc OY 3 
fixed Stars will ever deſcribe the ſame Parallels, 
and always have the ſame Height above the Ho- 
rizon. When the Sun by his annual Motion 

e | comes 
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comes to be perpendicular to the Point F, and then 
| defcribes the Equator, tis plain he will be in the 

Horizon of both Poles, and by his diurnal Motion 
will appear to move quite round it; and fince 
Half the Ecliptick FB is above, and the other Half 
F A below the Horizon of P, *tis plain all the 
Time the Sun is in deſcribing that Half of the 
Fcliptick on the North Side of the Equator, he 
will be above the Horizon of P, and all the Time 
he is in deſcribing the other Half on the South 
Side of the Equator, he will be below the Hori- 


zon of P; from which *tis plain, that an Inhabitant 


| at either Pole will have Half a Year continued 
Day, and as long Night. And fince the Sun's 
greateſt Diſtance from the Equator South or North is 
23 2 Degrees, *tis plain his greateſt Altitude, or De- 


preſſion, above or below the Horizon of either Pole b 


% 
442. Thoſe that live upon the Equator are ſaid 
to have a Right Sphere, becauſe to them the Hea- 
venly Bodies appear to riſe and ſet perpendicular 
to the Horizon; and thoſe who live between the 
Equator and either Pole are ſaid to have an Oblique 
Sphere, becauſe the heavenly Bodies appear to 
riſe and ſet obliquely; and Laſtiy, thofe who live 
on either Pole are faid to have a Parallel Sphere, be- 
cauſe the heavenly Bodies appear to move parallel to 
the Horizon. | 1 

43. The Moon, being an opaque ſpherical Body, 
receives it's Light from the Sun and reflects that 
upon the Earth, and that Half of it which is op- 
poſite to the Sun, is enlightened, while the other 
Half which is averſe from it, is involved in Darkneſs; 
but the Half which is viſible to us, is that which is 
oppoſite to the Earth; and therefore according to 
the various Situations of the Moon, vith reſpect to 
the Earth and the Sun, it will have different Illumina- 
tions; far fometimes a greater and ſometimes a 

| leſſer 
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leſſer Part of the enlightened Hemiſphere is turned 
to the Earth; and likewiſe ſometimes the Whole, 
and aaa none at all of the enlightened Hemi- 
ſphere is ſeen from the Earth. To explain which, 
let S repreſent the Sun, T the Earth, R T X 
a Part of the Earth's Orbit, which it deſcribes 
in it's annual Motion about the Sun, AB CD: 
EFGH, the Orbit of the Moon, in which 
it moves round the Earth from Weſt to Eaft, 
in the Space of a Month; PNOM the Moon's 
Body, and it's Center 3 let the Centers of 
the Sun and Moon be joined with the right Line 
S L, then ſuppoſe the Plain ML N paſfing thro? 
the Center of the Moon, perpendicular to the Line 
8 L; and this Plain will cut the Surface of the 
Moon in a great Circle, which will be the Termi- 
nator of Light and Darkneſs, viz. it will divide 
the enlightened Hemiſphere from the darkened; al- 
ſo let the Centers of the Earth and Moon be joined 
with the right Line T L, and perpendicular to it 
draw a Plain paſſing thro' the Center of the Moon, 
and this will cut the Moon's Surface in a Circle 
PLO, which will divide the viſible from the in- 
viſible Hemiſphere of the Moon ; this Circle is cal- 
led The Circle of Viſion. And hence tis plain, that it 
the Moon be in the Point A of it's Orbit oppoſite 
to the Sun, the Circle of Viſion P L O will coincide 
with the Terminator M LN, and ſo the whole enlight- 
ered Hemiſphere of the Moon will be turned to- 
wards the Earth, and then it is called Full- Moon, 
with reſpect to the Inhabitants of this Earth, but 
with reſpect to the Situation of the Sun, it is ſaid 
to be in Oppe/ition;, becauſe the Sun and Moon, 
ſeen from the Earth, appear at that Time to be 
in oppoſite Points of the Heavens. When the 
Moon has come to the Point B of it's Orbit, 
then *tis plain, that the whole enlightened Hemi- 


There will not be turned to the Earth, but a Rr 
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of it, as MP will be without the viſible Hemi- 
' ſphere, and therefore the viſible illuminated Part 
cannot be circular, but will appear gibbous; when 
the Moon is in the Point C of her Orbit, and the 
Angle CTS a right Angle, then the Angle DCs 
will alſo be a right Angle, (at leaſt differing little 
from it) for becauſe of the vaſt Diſtance of the Sun, 
wo, the Earth and Moon, the Lines S T, 8 C 
be taken as parallel ; conſequently the Circle 
of Viſion will biſect the Terminator at right Angles, 
and ſo only one Half of the enlightened Hemiſphere 
will be in the Viſible, and then the Moon appears 
to be halv'd, and is called Half-Moon. In this Si- 
tuation the Moon is only a Quadrant's Diſtance from 
the Sun, and therefore it is ſaid to be in one of it's 
Quadratures. The Moon proceeding to D, tis plain 
that in this Situation only a ſmall Part P N of the 
enlightened Hemiſphere is turned to the Earth, and 
the greateſt Part NO of the viſible Hemiſphere 
is darkened; and conſequently, becauſe of the 
ſpherical Fi igure of the Moon, it will then appear 
horned, and it's Horns will be turned towards the 
_ Weſt. When the Moon is arrived at E, *tis plain 
the Circle of Viſion will again coincide with the 
Terminator, and the whole darkened Hemiſphere | 
will be turned to the Earth, and then it is ſaid to be 
x New-Moou , but with reſpe&t to it's Situation with 
the Sun it is faid to be in Conjunction, becauſe it ap- 
pears to be in the ſame Point of the Ecliptick with 
the Sun; and when it has moved a little torward to 
F, tis plain Part of the enlightened Hemiſphere, 
viz. M O, will be in the Viſible, and fo it will again 
appear horned, and having them turned towards the 
Eaſt; alſo when at G it will appear halved, and when 
at H 'gibbous ; and Lal, when it comes to A it will 
appear full. 
44. Though (as was ſaid in Art. 28. ) the Moon 
moves quite round it's Otbit in 27 Days, and 
7 Hours, 
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- Hours nearly, called the Periodic Montb; yet the | 
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Time it takes from one ConjunEtion with the Sun 
to the next, is greater; being 29 Days, and about 
12 Hours, which is called The Synodick Month; for 
let S be the Sun, T the Earth, A B a Part of the 
Earth's Orbit about the Sun, and AL DC the 
Orbit of the Moon; then when the Earth is in T, 
let the Moon be in L, in Conjunction with the 
Sun; and while the Moon is moving from L round 
it's Orbit L A C D, 'tis plain that the Earth in the 
mean Time will be moving on in it's Orbit about 


the Sun, and carrying the Moon's Orbit along with 


it. And when the Moon has moved quite round 


it's Orbit, the Earth will be carried from T to 2, 


and the Moon's Orbit will be in the Situation, 


Ja cd, and the Point I, will be in the Line 2 


parallel to the former T L, and conſequently the 
Moon will then be in 7; but will not be in Con- 
junction with the Sun *till it has moved a little fur- 
ther and deſcribed the Arch I M, which is ſimilar to 
the Arch 7 T, becauſe the Angles It M, 7ST are 
equal (by Art. 26. Sect. I.). And hence it is that 


tho the Moon moves round it's Orbit in 27 Days, 


7 Hours, yet from new Moon p new Moon 1 it takes 


19. DT 12 Hours. 


It the Moon's Orbit lay in the Plain of the 


Echpdck; "tis plain in a Month's Time the Moon 


would move round the fame Circle in the Heavens, 
that the Sun appears to do in a Year, viz. the 
Eclip tick ; but the Moon's Orbit does not lie in 


the 5 Plain with the Ecliptick, but is inclined 


to it at an Angle of about five Degrees, and con- 
ſequently muſt interſect it in a right Line ar 
through the Center of the Earth; and one Half © 
the Orbit will be above the Fcliptick towards the 
North, and the other Hall below towards the 
South. The Line of Interſection is called The Line 
of the Nodes, the two Extremities of which are called 
The Nodes. The Node in which the Moon is when 


; aſcending 


4» 
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aſcending above the Ecliptick towards the North, 
is called The Aſcending Node, or Dragon's Head, for 


| brevities fake marked thus 8; and the oppoſite 


one, viz. that in which the Moon is when deſcend- 
ing below the Ecliptick towards the South, is called 
The Deſcending Node, or Dragon's Tail, marked thus &. 


Hence tis plain, that the Moon cannot appear in the 


Ecliptick above twice in one Period, viz. when it is 
in the Nodes; and in other Points of it's Orbit, it 
will be more or leſs diſtant from the Ecliptick, ac- 
cording as it is more or Jeſs removed from the neareſt 


Node; ;" theſe two oppolite Points in the Orbit, that 
lie in the Middle between the Nodes, are called The 


Limits; and when the Moon is in either of theſe, 
Me is then at her greateſt Diſtance from the Eclip- 


tick. 


46. The Height of the neareſt Pole above the 


Horizon of any Place, is equal to the Latitude of 
that Place. For let A be any Place upon the 
Earth, A HO it's Meridian, H O the Horizon, . 
E Q the Equator, P and p the two Poles; then 'tis 
plain A E will be the Latitude of the Place, and 


A 
—— 2 


PO the Height of the neareſt Pole above the 
Horizon, Now ſince the Arches P E, and A O are 
Ha equal, 
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equal, being each a Quadrant, from both take 
the common Arch A P, and there will remain AE, 
equal to PO; ; that is, the Height of the Pole above 
the Horizon is equal to the Latitude. Alſo ſince the 
Arches A H, and E P are equal, being both Qua- 
drants, from both take the common Arch A E, and 
there will remain E H equal AP; that is, the Height 
of the Equator above the Horizon of any Place, is 
equal to the Complement of the Latitude of that 
Place. 

47. Great Circles paſſing through the Poles of the 
Ecliptick, and cutting it at right Angles, are called 
Secondaries of the Ecliptick. 

48. The Latitude of any heavenly Body, is an 
Arch of the Secondary paſſing through the Center of 
the Object, intercepted between it "and the Eclip- 
tick; and it is either North or South, according 28 
the Object is on the North or South Side of the 
Ecliptick. 

49. The Longitude of any celeſtial Body: is an Arch 

of the Ecliptick intercepted between the Secondar 
paſling through that Body, and the firſt Point of 
Aries. 
50. The Declination of any heavenly Body is an 
Arch of a Meridian paſſing over that Body, in- 
tercepted between the Center of it and the celeſtial 
Equator; and it is either North or South according 
as the Body is on the North or South Side of the 
Equator. 

£1. Since the Sun by his annual Motion, 1s al- 
ways either approaching nearer to, or going fur- 
ther from, the Equator; 'tis plain he muſt be con- 
tinually changing his Declination. In the third 
Table at the End of this Book, you have his De- 
clination for every Day of the Year ; z in which you 
may obſerve that in the Top Columns ſtand the 
Year, Month, and Kinds of the Declination, viz. 
whether It be South or North; and in the Left-Hand 


| | FE : Column 
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Column ſtands the Day of the Month; the other 
Columns contain the Declinations anſwerable to 
| theſe; conſequently to find the Sun's Declination 
for any Day, ſuppoſe the twentieth of April, 
1737. I look at the Top for the Year 1737, and 
the Month April, and in the fide Column for 20, 
then in the Column below April, and on the ſame 
Line with 20, I find 119, 26' for his Declination 
North; and the ſame Way his Declination may be 
found for any other Day. But you muſt olive 
that this Table is calculated only for the Meridian 
of London, and the Noon there; that is, it ſhews 
the Declination of the Sun when upon the Meridian 
of London, and conſequently to find the Sun's De- 
clination for any other Time of the Day, we muſt 
conſider whether the given Time be before or after 
Noon; if it be before, then ſay As 24 Hours is to 
the Difference between the Declination of the Sun, 
the Noon of the preceding Day, and his Declina- 
tion the Noon of the preſent Day; So is the 
Time from Noon laſt Day, to a fourth Proportional ; 
which, if the Declination be increaſing, muſt be 
added to, but if decreaſing ſubtracted from, the Sun's 
Declination the Noon of the preceding Day; and 
the Sum, or Remainder, is the Declination for the 
preſent Time. 
Example. Suppoſe it were required to find the 
Sun's Declination, on the fifteenth Day of April 
155 at 8 Hours, 25 Minutes in the Morning. 
To do this, I firſt look in the Tables, for the Suns 
Declination the fifteenth Day of April 1759, and 
ind it to be 90, 3935 then] look for it the fourteenth 
Day, and find it to de 99, 17”, the Difference of 
theſe is 227; then I ſay As 24 Hours is to 227“; So is 
20 Hours 25 Minutes, the Time elapſed | ſince laſt 
Noon, to 18'; which added to 90 I 17 | (becauſe 
the Declination is increaſing) gives 9®, 357, for the 
Sun's preſent Peclination. Again, if the Time 
oy _ propoſed 


l 
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propoſed be after Noon; then to find the Declina- 
tion for that Time, we muſt look in the Tables, 
for the Sun's Declination the Noon of the preſent 
Day ; and for the ſame, the Noon of the following 
Day, and take the Difference of theſe Declinations; 
then ſay, As 24 Hours is to the Difference of the 
Declinations, So is the Time elapſed ſince Noon, 
to a fourth Proportional; which added to, or ſub- 
tracted from, the Sun's Declination the preſent Day 
at Noon (according as the Declination is increaſing or 
decreaſing) gives the Sun's. Declination at the Time 
propoſed. EN 

Example. Suppoſe it were required to find the Sun's 
Declination on the twenty-third Day of July 1759, 
at 4 Hours, 23 Minutes atter Noon. To do this we 
muſt firſt look in the Tables, for the Sun's Declina- 
tion the twenty-third Day of Fuly 1739; and will 
find it to be 200, 12, then for his Declination the 
following Day, which is 20%, o1', and the Difference 
between theſe two is 127; then ſay, As 24 Hours is to 
12', So is 4 Hours, 23 Minutes, the Time elapſed 
ſince Noon, to 2”, which (becauſe the Sun's Declina- 
tion is decreaſing) ſubtracted from 209, 12, the 
Declination of the Sun at Noon of the preſent Day, 
leaves 200, 117, the Sun's Declination tor the Time 
propoſed. nes 

And ſince the Table of the Sun's Declination at 
the End of this Book is fitted to the Meridian of 
London, tis plain it cannot ſerve for the Meridian of 
any other Place, lying on the Eaſt or Weſt Side of 
the Meridian of London; for while the Sun by his 
apparent diurnal Motion is paſſing from one Meridian 
to another, he is at the ſame Time ſtill moving on 
in the Ecliptick, and conſequently altering his De- 
clination. Now to find the Declination of the Sun 
when he is on the Meridian of any Place, lying on 
the Eaſt or Weſt Side of London, we muſt take the 
Difference of Longitude between London and the 

e evi : | | | given 
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given Place (or if the Meridian of London be ſup- 


oſed the firſt Meridian, we muſt take the Longi- 
tude of the Place) and convert this into Pifference 
of Time, which will ſhow the Time, before or 
after Noon at London, the Sun is upon the Meridian 


of the Place propoſed; viz. if the Place lie on the 


Eaſt Side of London, the Time will be before Noon; 


but if on the Weſt it will be after Noon; then 


finding, according to the preceding Examples, the 
Sun's Declination at the Time propoſed, the ſame 
will be his Declination when on the Meridian of the 
ropoſed Place. 
This may be done another Way, viz. by the 
Help of the Table of the Variation of the Sun's 
Declination to every 15 Degrees of Longitude from 
the Meridian of London, annexed to the Table of 


Declination; the upper Column of which contains 
the Degrees, and the Left Hand Side Column con- 


tains the Minutes of the Sun's daily Variation; and 


the other Columns contain the Minutes anſwering 


to the Degrees and Minutes in the top and ſide 
Columns. "Now to find the Sun's Declination any 
Day, when he is on the Meridian of any Place, ly- 
ing on the Eaſt or Weſt Side of London, by this 


Table; we muſt firſt find the Sun's Declination for 


the preſent and for the following Day; and the 
Difference between thele two will give us the 
daily Variation at that Time ; then look in the Table 
of Variation, Sc. at the Top, for the Difference 
of Longitude between London and the propoſed 
Place, and in the ſide Column for the Minutes of 
Variation; then below theſe Degrees in the Top 
and on the fame Line, with the Variation in the 
ce Column we ſhall find the Variation required 

which, if the propoſed Place be Weſt of London, 
and the Declination increaſing, muſt be added to 
the Declination for the preſent Day, and the Sum 


be 
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be decreaſing, then the Variation ſubtracted from 
the Declination gives that required; again, if the 
Place lie on the Eaſt Side of London, and the De- 
clination increaſing, then the Variation ſubtracted 
from the Declination for that Day, leaves the De- 
clination required ; but it the Declination be de- 
creaſing, then the Variation added to the Declination 
gives that required. 

Example. Let it be required to find the Sun $- 
Declination when he is on the Meridian of St Lucia 
(whoſe Longitude from London is 60®, 15' Welt) 
on the ſeventeenth Day of May 1759. To do this, I 
firſt look in the Tables for the Declination of the Sun 
the ſeventeenth Day of May 1759, and find it to be 

19®, 15, then for the ne the following Day, 
and I find it to be 19®, 297, the Difference of 
which is 14 Minutes, the Sun's daily Variation at 
that Time; then I look in the Top of the Table of 
Variation, Sc. for 6o the Difference of Longitude, 
and in the ſide Column tor 14; and below 60, and 
in the ſame Line with 14, I find 2 Minutes, which 
(becauſe the Place is Weſt of London, and the Decli- 
zation increaſing) I add to 199, 15', and the Sum 
Is 199, 1 the Sun's Declination at St Lucia the 
ſeventeenth Day of May, 1759. 

From this you may obſerve, that the Method of 
ſolving this Problem by the Table of Variation, 

Ec. is not near ſo good as the former, for here 
we can only enter the Table with a Number of 
Degrees, which is either 15% or ſome Multiple 
of it below 195, and all the odd Degrees and 
Minutes muſt be thrown away ; but in the former 
Method we can uſe any Number of Degrees and 
Minutes. 

52. Since the * Stars always keep the 95 
Places in the Heavens (at oſ in a few Years 
their Variation is inſenſible), 'tis plain their De- 
clination muſt ſtill be the Per At the Ea 4 
| | | Q 
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of the Table of the Sun's Declination, there is a 


Table of the Declinations of the moſt principal 
fixed Stars. 


1 C . Iv. 


7 O find the Latitudes of Places by the Meridian, Al- 
titude, and Declination, of any Celejtial Oel. 


This Problem admits of ſeveral Caſes, according 
as the obſerved Object is ſituate with reſpect to the 
Equator, and Place of Obſervation : Which are as 


follow. 


Caſe 1. When the Sun or Star obſerved has no 
Declination, or is upon the Equator, then the 
Zenith Diſtance of the Object is equal to the Lati- 
tude of the Place, which 1s North Latitude if the 
Sun or Star come to the Meridian, on the South 


Side of the Zenith; but South if on the North Side. 
For in the at Scheme, let Z repreſent the 
Place of Obleryation, P Q p E it's Meridian, EQ 

the 


8 Latitude by Obſervation. 
the Equator, H O the Horizon, P the North and 
2 the South Pole; then 'tis plain, ſince the ob- 
ſerved Object is ſuppoſed to have no Declination, 
that E Q will repreſent the Path of it's diurnal 
Motion, and when it comes upon the Meridian, 
2 E will be it's Zenth Diſtance, which is manifeſt- 
ly equal to the Latitude of the Place Z. And when 
the Object at E is South of Z, tis plain the Place Z 
muſt be North of E, and conſequently the Latitude 
will be North. 5 5 
Caſe 2. If the Sun or Star, when on the Meridian, 
is in the Zenith; then the Declination of the Object 
is the ſame with the Latitude of the Place. For it is 
evident that in this Caſe they are equally diſtant from 
the Equator, and on the ſame Side of it; conſequently 
if the Declination be North, the Latitude will alſo be 
North, and if South, South  _ 1 8 
Caſe 3. If the Sun or Star be between the Equa- 
tor and Place of Obſervation, then the Latitude 
of the Place is equal to the Sum of the Zenith 
Diſtance and Declination of the Object; and it is 
of the ſame Name with the Declination, viz. if 
the Declination be North, the Latitude is alſo 


N 2 | 


V 


North, & #. contra. For in the adjacent Scheme, 
let AB repreſent the Parallel deſcribed by the 
a obſerved 


Latitude » a RG is 


obſerved Ob ect in it's diurnal Motion, and A it's 
Place upon _ Meridian, ſituate, between Z, the 
Place of Obſervation, and E Q the Equator; 
then *tis plain that Z E the Latitude of the Place 
Z, is equal to the Sum of E A the Declination, 
and A Z the Zenith Diſtance, and if the Declina- 
tion be North, the Latitude will alſo be North, 
& e contra; ſince in this Caſe the Object and Place 
of Obſervation lie both on the ſame Side of the 
Equator. 


Example. Suppoſe on the twenty -third Day of April 


1758, the Sun, when on the Meridian has 529, 


127 of Altitude, and conſequently 379, 48“ Ze- 


nith Diſtance, required the Latitude * the Place of 
Obſervation. 


The Sun's Declination that Day is - 120 35 N. 
His Zenith Diſtance „„ Ot” 


. 


Caſe 4. If the Sun or Star be on the contrary 


Side of the Equator, with the Place of Obſerva- 


© 


tion, and conſequently both Beclination and Zenith 


Diſtance be of the ſame Name, viz. either both 
North or both South; then the Latitude is found 
by 


5 
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by taking the Declination from the Zenith Diſtance; 
and it is of a contrary Name with the Declination. 
For in the adjacent Figure let BD repreſent the 
Parallel deſcribed by the obſerved Object in it's 
diurnal Motion, on the other Side of the Equator 
E Q with the Place Z, and B will be it's Place 
when upon the Meridian; then 'tis plain, that if 
from Z B, the Zenith Diſtance, be taken B E. the 
Declination, there will remain Z E the Latitude of 
the Place of Obſervation Z, and the Latitude will 
be of a contrary Name with the Declination ; ſince 
in this Caſe, the Object and Place are on contrary 
Sides of the Equator. 

Example. Being at Sea the twenty-third Day of 
January 17 58, 1 found the Meridian Altitude of the 
Sun to be 43®, 15“; conſequently his Zenith Diſtance 
460, 45', and he was South of me: Required the 
Latitude of the Place of Obſervation, and which Way 
it is. 
From the eridional Zenith Diſtance - 460 0 450 * 
take the Sun's Declination - - - 199, 24“, 8 


there remains the Latit. of the Place 275, 11/,N. 
When the Zenith Diſtance and Declination are equal, 
and both of the ſame Name, then the Latitude 
vaniſhes, and confequently the Place is ſituated on the 
Equator. 

Caſe 5. If the Sun or Star be between the Place 
of Obſervation and the neareſt Pole, and conſe- 
quently both Declination and Zenith Diſtance be 
of the ſame Name; then from the. Declination ſub- 
tract the Zenith Diſtance, and the Remainder is 
the Latitude of the Place of Obfervation, and it 
is of the ſame Name with the Declination. For in the 
annexed Scheme, let K L repreſent the Parallel de- 
ſcribed by the obſerved Object in it's diurnal Motion, 
and K will be it's Place when upon the Meridian 
then *tis plain, that if from K E the Declination, be 
taken Z K the meridional Zenith Diſtance, there will 


remain 


LY 


Latitude by Obſervation, I 13 
remain Z E the Latitude of the Place, which will be 
of the ſame Name with the Declination, ſince the 


WK 
>” 
Pi 4 
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Object and Place of Obſervation are in this Caſe upon 


the ſame Side of the Equator. 


Example 1. Suppoſe on the fourth Day of Tal; 1989s - 
I obſerved the Meridian Altitude of the Sun to be 


82, 4“; conſequently his Zenith Diſtance 75, 56%: 


Required the Latitude of the Place of aun 


and which Way it is. | 
The Sun's Declination that Day is 229, 57 N. 


- his Zenith Diſtance - - <- 7, 5&@ N. 


i | 
* = : — . N 2 * 8 2. 
a . ho aq ” — — 2 — 2 _ - — Y 4 
* =_ $6. 2 4 3s — - - 


the Difference is the Latitude, vi. 5 67 N. 


Example 2. Being at Sea, I obſerved the Meridian 
Altitude of the middlemoſt Star in the Tail of the 


Great Bear, to be 555,4 4 North ; conſequently it's 
Zenith Diſtance 33% 105 1 ils Declination being 


560, 22“ North: Required the Latitude of the Place 


of Obſervation, and which Way it is. 


From the Declination - < - 560, al N. 
take the Zenith Diſtance - - 3355 160 N. 


chere remains the Latitude - 230, 06“ N. 
See e ee Caſe 6. 


* — 2 
— —ͤ— — — 


gant © r* ot nt 


114 : Latitude by Obſervation. 


Caſes. If the Sun or Star be between the Hori- 
zon and the elevated Pole, then to the Altitude 
add the Complement of the Declination, and the 
Sum will be the Latitude of the Place of Obſer- 
vation, and of the ſame Name with the Declina- 
tion. For let A B be the Parallel deſcribed by 
the Object in it's diurnal Motion, B it's Place on 
the Meridian, when between the Horizon and 


elevated Pole; then *tis plain, that if to BO the 
Altitude, be added B P the Complement of the De- 

clination of the Object, the Sum PO will be equal 
to the Height of the Pole above the Horizon, which 

(by Art. 47. Sea. III.) is equal to the Latitude 
of the Place of Obſervation Z, and it will be of 

the ſame Name with the Declination, ſince both 

the Place and the Object are on the ſame Side of the 

Equator. _ 

Example. Being at Sea, I obſerved the bright Star 
of the Harp on the Meridian, between the Horizon 
and elevated Pole, ir s Altitude being 89, 337 and 
Declination 38, 33“ North: Required the Latitude 
of the Place of Obſervation. x 


+» To the Complement of the Declinat. 519, 27 N. 
add the Altitude VF _ | | 4.68 33! N. 


the Sum! is the Latitude - - - - 609%, oof N. 
Caſe 7. 
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| Caſe 7. When the obſerved Object does not ſet, and 
goon the Complement of it's Declination leſs 
than the Latitude of the Place; then, *tis plain, the 
Object will be twice upon the Meridian in 24 Hours, 
viz. at it's leaſt and greateſt Altitude; when the Al- 
titude is leaſt; the Object is then between the Horizon 


and elevated Pole, and by that Altitude and Declina- 


tion of the Object, the Latitude of the Place may be 


found (as in the laſt Caſe); but when the Altitude is 


greateſt, the Object is then on the other Side of the 
Pole. Now with theſe two Meridian Altitudes, with- 
out knowing the Declination of the Object, we can 
find the Latitude of the Place, thus; if the two 
Altitudes be both on the ſame Side of the Zenith, 
then from the greateſt ſubtract the leaſt, and half the 


Remainder added to the leaſt gives the Latitude, of 


the ſame Name with the Zenith Diſtance; for in the 
preceding Scheme; where A B repreſented the Parallel 
of Declination, deſcribed by the Object! in it's diurnal 


Motion, B O it's leaſt, and A O it's greateſt Meridian 
Altitude, *tis plain, if from AO be taken BO, 
the Difference will be A B, the half of which P B 


added to BO, gives PO the Height of the Pole 


above the Horizon, equal to the Latitude of the 


Place. 


5 Example. Being at Sea, J obſerved the Northermoſt 
of the two preceding Stars in the Square of the Great 
Bear, Which did not ſet, and found the leaſt Altitude 
to be 239, 12/, and the greateſt 72, 46', both North 
of my Zenith: Required the Latitude of the Place 


of Obſervation. 2th 
From the greateſt Altitude —— 129, 46! N. 


take the rettet 23», 42! N. 
V% 499, 2 © 
the half of which is - 24%, 47 


to which adding the leaſt Altitude „„ 
the Sum will bee 8 * 


eo which 
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which is equal to the Latitude of the Place, and it is 
North, becauſe the Zenith Diſtance is on the North 
Sa.. 

But if the greateſt and leaſt Meridian Altitudes 
of the Object be upon different Sides of the 
Zenith, viz. the one upon the North and the 


other upon the South Side; then from the Sup- 


plement of the greateſt Altitude ſubtract the leaſt, 
and half the Remainder added to the leaſt Alti- 


tude, will give the Latitude of the Place of Ob- 


ſervation, which will be of the ſame Name with 


the leaſt Altitude, viz. North; it the leaſt Alti- 
tude be North of the Place, & e contra. For in 
the annexed Figure, let B A repreſent the Parallel 


deſcribed by the Object in it's diurnal Motion, 


B and A the Places of the Object when upon the 
Meridian, on contrary Sides of the Zenith Z; BO 
it's leaſt Altitude, and H A it's greateſt Altitude, | 
the Supplement whereof is AO. Now *tis plain, 


that if from AO we take OB, the Remainder 


AZ 


will be AB, the half of which, PB, added to 
BO makes' P O the Height of the Pole above the 
Horizon, or Latitude of the Place Z; which will 
be North if the leaſt Altitude B O be on the 
North Side of the Place, becauſe i in this Cale tlie 
North Pole will be elevated. | 


„ —— 5 Example 


tificial: a Natural Day is that Space of Time that 
flows while the Sun moves from any Meridian, ?till 
4 he comes to the fame again, An Artificial Day 
r Hs is 


* 
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Example. Being at Sea, I obſerved the Sun when 


he did not let, and found his leaſt Meridian Altitude 
to be 30, 29/ on the North Side of the Zenith, and 


his greateſt Meridian Altitude was 43, 29“ on the 


| South Side: Required . the Latitude or the Place of 


Obſervation. 
From the Supplement of the Sun? *} 060 37“ 
greateſt Meridian Altitude - 5 3 


take his leaſt e 5 30, 29 
and there remains c . 5 - 143%, 02 3 
the half of which is 068 33 
to which adding the leaſt Altitude 3% :-" 
the Sum is = — "oy 75 00 N. 


che ps of the Place of Obſervation 


SECT. V. 
Of the Elements of Crowley. 


1M E conſidered abſtractly, without any 
Relation to external Objects, flows always 


equally and uniformly, and it is called Abſolute, 


True, and Mathematical Time, or, ſimply, Dura- 
tion. But that which commonly goes under the Name 
of Time, is a certain Part of Duration meaſured by 
the ſimple and uniform Motion of ſome Body, ſuch 
as the Motion of the Celeſtial Bodies; and particularly 

of the Sun and Moon; this is called Relative, Appa- 
rent, or Vulgar Time. 
2. Time is divided into Years, Months, Werks, x 


Days, Hours, Scruples or Minutes, Sc. 1 
. A Day is of two Kinds, viz. Natural o or 4 
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is that Space of Time that the Sun continues above 
the Horizon, and the Time he continues below it is 
called a Night. - 
ER Hour is a certain determinate Part of the 
Day, and is either equal or unequal. An equal Hour 

is the twenty- fourth Part of à natural Day; and 
an unegua]! Hour is the twelfth Part of an artificial 
Day, which is alſo called a diurnal Hour, as the 
twelfth Part of the Night is called a no#urnal 
Hour ; theſe are likewiſe called Temporary Hours, 
becauſe at different Seaſons of the Year they are of 
different Lengths ; ; for a diurnal Hour in the Summer 

is longer, and a nocturnal ſhorter ; than in the Win- 
ter; but in the equinoctial Day, a diurnal Hour is 
equal to a nocturnal, and then they are called equino2tial 
Hours. 

5. The diurnal Hours begin at the Riſing and 
end at the Setting of the Sun; and the nocturnal 
Hours begin at the Setting and end at the Riſing of 
the Sun. "Theſe Hours were antiently in Uſe among 
the Fews and Romans, and at preſent among the 
Turks, They were antiently called planetary Hours, 

becauſe in every Hour one of the ſeven Planets 

was ſuppoſed to preſide over the World; thus, for 
Example, on Sunday, the firſt Hour from Sun- riſing 
was allotted to the Sun, the ſecond fell to Venus, 
the third to Mercury, and ſo on to the reſt in order, 
viz. to the Moon, Saturn, Jupiter, and Mars; by 
which Means, the firſt Hour from Sun-rifing, the 
next Day fell to the Moon; from which it was 
called Monday, and fo on thro' the other Days of the 
Week, each Day getting it's Name from the Planet 
that was neue to One the firſt Hour of chat 
Day. 
| b. The Day in different Nations begins at diffe- 
rent Times. Thus the Babylonians, Aſſyrians, and 
| ſeveral other eaſtern Nations, began their Day at 

Sun-rififig ; the Hour after that, they called the 


firſt 
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firſt Hour, and fo counted on 'till they came to the 
twenty. fourth or laſt Hour, which was the Hour be- 
fore Sun-riſing. The Jews and Grecians began their 
Day at Sun- ſet; as at this Time the 1taltans, Sicilians, 
Bohemians, Polanders, and Auſtrians do; the Hour be- 
fore the Sun-ſet they call the laſt or twenty-fourth 


Hour, and the Hour after the Sun | is ſet, they call the 
firſt Hour; and ſo count on to the N fourth, 


when the Sun ſets again. 

7. The Egyptians, and Romans, antiently began 
their Day at Midnight; which was followed by 
Hipparchus, Copernicus, and other Aſir onomers, in 


their Aſtronomical Obſervations, and is ſtill retained | 
in Britain, France, Spain, and moſt other Places in 


Europe ; but the Arabs, and modern Aſtronomers, be- 


gin the Day at Noon, viz. when the Sun is upon the 


Meridian. 5 
8. A Week is a Succeſſion of ſeven natural Days, 


each of which has a particular Name allotted to it, 
viz. the firſt is called Kang, the lecond Monday, and 


0 on. 


: ſiting of ſomething more or leſs than thirty Days, 


and is of two Kinds, VIZ, Aſtronomical or Civil; an 
Aironomical Month is that which is governed ei- 
ther by the Motion of the Sun, or that of the 


Moon; and conſequently is of two Kinds, viz. Solar 


or Lunar. A Solar Month is that Time which the 
Sun takes to run through a whole Sign, or the 


twelfth Part of the Ecliptick; and a Lunar Month 


is that which is meaſured by the Motion of the 
Moon round the Earth, and is of three Kinds, vz, 
Periodical, Synodical, and that of Hlumination; the 


Periodical and Synodical Months. are defined in 


Art. 45. Seck. III. and the Month of Illumination or 


Apparition, is that Space of Time contained between 
the Day that the Moon begins to appear after 


Change, to the Day that ſhe diſappears ; and this 


1 4 conſiſts 


. A Month is a certain Syſtem of Days, con- 
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conſiſts of twenty-eight Days nearly. A Civil or Po- 
litical Month, differs from the Aſtronomical, and 
conſiſts of more or fewer Days according to the Inſti- 
tution of the Country in which they are uſed. 

10. A Tear is a certain Syſtem of Months, and 
is either Aſtronomical or Civil; the Aftronomical 
Tear is of two Kinds, viz. Solar, or Lunar ; and 
the Solar Year, is either. Sidereal or Tropical. The 
Sidereal Year is that Space of Time that the Sun 
takes to move from a fixed Star 'till he return to 


the ſame again; and it conſiſts of * Days, 6 


"ill he returns to the ſame again ; ; and it _ 
of 365 Days, 5 Hours, 48 Minutes, and 37 Se- 
conds, and commonty: gets the Name of the Solar 
Year. 

11. A Lunar Year confiſts of a certain Namber 
of Months, and is either Common or Emboliſmic. A 
Common Lunar Year conſiſts of twelve Synodic Luna- 
Rane and an Emboliſimic contains thirteen. 

12. The Civil or Political Year conſiſts of a cer- 
tain Number of Days, more or fewer, according to 
the Laws and Cuſtoms of the Countries in which it 
is received. 

13. Since the common Links Year conſiſts of 
twelve Snodic Months, or 354 Days nearly, and 
the Solar conſiſts of 365 Days, (throwing away 
the odd Hours and Minutes) *tis plain that 'the 
Solar Lear will exceed the Lunar by about 11 
Days; and conſequently in the Space of about 
thirty-three Years, the beginning of the Lunar Year- 
will be carried thro? all the Seaſons ; ; and hence it is 
called the Moveable Lunar Year. This Form of the 


Fear is uſed at this Time by the Turks: and Ara- 


Sians; and becauſe in three Years Time, the Solar 
exceeds the Lunar by 33 Days; therefore ta keep 
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the Lunar Months in the ſame Seaſons and Times of 
the Solar Year, or near it, they added a whole Month 
to the Lunar Year, every third Year, and ſo made it 
conſiſt of thirteen Months; this Year they called the 
Emboliſmic Year, and the additional Month, the Em- 
bolimean, or Intercalary Month. This Form of the 


Lunar Year is called the fixed Lunar Year ; and it was 


uſed by the Greeks and Romans till Julius Ceſar s Time. 

14. The Egyptians made Uſe of the Solar Years, 
and made each conſiſt of 365 Days, which wants of 
the Tropical Year, almoſt 6 Hours; and conſequently 
the Egyptian Year began always 6 Hours ſooner than 
the Tropical Year ; by which Means in four Times 


365 or 1460 Years, (called the Great Canicular Year 
or Sothiacal Period) the Beginning of the Tear moved 


through all the Seaſons. 

1 Julius Ceſar, in order to reduce the Ciutt or 
Political Year, nearly to an Equality with the Tropical, 
and conſidering that the Tropical Fear conſiſted of 
265 Days, and 6 Hours nearly, which exceeded the 


Civil Year by 6 Hours each Year, and conſequently 


in four Years exceeded it by one whole Day ; he or- 
dered, that to every fourth Year there ſhould be one 
Day added, and ſo make it conſiſt of 366 Days, by 
which Means the Civil and Solar Years were reduced 


pretty near to an Equality. This additional Day was 
put in the Month of February, and becauſe in the 


common Year, the twenty-tourth Day of February 


Was called by the Romans, the ſixth of the Kalends of 


March, therefore he ordered that this Day ſhould be 


added after the twenty-fourth Day of February, and 


called by the ſame Name; there happening every 
tourth Year two Sixths of the Kalends of March, and 
hence that Year was called Biſſextile, or Leap Year. 
This Way was uſed by us 'till the year 1752, when 
the New Style commenced. 

16. But the true Length of the Year being 365 
Des, 5 Hours, and 49 Minutes nearly, and by the 


Julian 
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Julian Account 365 Days and 6 Hours; *tis plain the 


Civil Year exceeds the Solar by 11 Minutes yearly. 
Conſequently if the Sun any Year enters the Equinoctial 


on the twentieth Day of March at Noon, the next , 


Year, he will enter the Eguinoctial the ſame Day, 11 
Minutes before Noon, the next, 22 Minutes before 
Noon, and ſo on. Conlequently in 131 Years the 
Solar will anticipate the Civil Year, by one whole Day; 
and ſo either Equinox will not happen always on the 
fame Day of the Civil Year, but he carried in a Re- 
trograde Order through all the Days of it. This was 
what put Pope Gregory XIII. upon reforming the Ju- 
lian Kalendar; for finding that at the Time of tbe 
Nicene Council, when the Time of celebrating Eaſter 
was inſtituted, the vernal Equinox happened the twenty? 
firſt Day of March; and by flowing continually back- 

wards, it happened at his Time, in the Year 1572, 
on the eleventh Day of Merch, anticipating it's former 
Time, by 10 whole Days ; he ordered that theſe 10 
Days ſhould be taken out of the Kalendar, and the 
_ eleventh Day of March ſhould be reckoned the twenty- 
firſt; and to prevent the Seaſons of the Year from 
going any more backwards, as they were before, he 
ordered that every hundred Year of the Chriſtian Ara 


(which aecording to the Julian Kalendar is Biſſextile) 


ſhould be a common Year, and 1o conſiſt only of 365 
Days; but this being too much, therefore every four 
8 Year was to remain Biſſextile or Leap Year. 
But ſince his Time to the Year 1752, one Day more 
has been anticipated, which was the Reaſon that eleven 
Days were ordered to be taken out of the Kalendar in 
the Month of September 1752, when the New Style 
commenced in theſe Kingdoms. The Julian Form 
is called Old Style, and the Gregorian, New Style. 
1. A Kalendar is a regular Diſpoſition of the Days 
in the Civil Near, into Months and Weeks; each Day 
of every Week being diſtinguiſhed from another by 
one of the firſt {even Letters of the Alphabet, viz. 


- 
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A, B, C, D, E, F, G. Beginning at the firſt of Ja- 


mary, to it is annexed the Letter A, to the ſecond the 
Letter B, to the third C, and fo on to the ſeventh, to 
which is annexed the Letter G; and beginning again 
withthe Letters, to the eighth 1 18 dnnexed A, to the ninth 
B, to the tenth C, and fo on through the reſt of the Days 


of the Year, each of them having one of theſe Letters 


annexed to it. Hence 'tis plain that whatever Letter 


is placed againſt any Day of any Week ; that Letter 
will be placed againſt that Day through the whole 


Year : Thus if the firſt Day of January, againſt 
which ſtands the Letter A, be a Sunday; then all the 


Days in the Kalendar having the Letter A ſtanding 
againſt them, will be Sundays. Alſo if the fourth 
Day of January, againſt which ſtands the Letter D, 
be a Sunday, then all the Days in the Kalendar, having 
D annexed to them, will be Sundays. That Letter 
which anſwers to the Sundays throughout the Year, is 
called the Dominica! or Sunday Letter, for that Year. 

But fince the Common Year conſiſts of 365 Days, 
if that be divided by ſeven, the Quotient wilt be 52 


Weeks, and one Day over; and ſince if nothing re- 
mained, then whatever Day of the Week the Year 
began on, the ſame Day of the Week would be the 


firſt Day of each ſucceeding Year ; *tis plain that 
whatever Day of the Week : any Year begins on, the 
fame Day of the Week will be the laſt Day of the 
Year; and, conſequently, if the firſt Day of January, 
to which is annexed the Letter A, be Sunday, the laft 
Day of the Year will be Sunday, and the firſt of the 
next will be Monday, and the firſt Sunday of the Year 


will fall on the ſeventh Day, to which is annexed the 
Letter G, which therefore will be the Dominical Letter 


all that Year ; ; and ſince the Year began on Monday, 
it will alſo end on Monday, and the firſt Day of the 
next Year will be Tueſday; conſequently the firſt 


Sunday will fall on the ſixth Day, to which is annexed 


F N which therefore will be the Dominical Letter all that 
* Tear. 


e 
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Year. And the ſame way the Dominical Letter the Year 
following will be E, and for the next D; and in this 
retrograde Order the Dominical Letter is carried ſuc- 
ceſſively through the ſeven, after which it begins again. 

18. From what has been ſaid 'tis plain, that if the 
Year conſiſted of 365 Days exactly, after a Period of 
ſeven Years, the lame Day of each Month would fall 


on the ſame Day of the Week. But becauſe every 


fourth Year is Biſſextile; conſiſting of 366 Days, 


which is equal to 52 Weeks, and 2 Days; therefore 


if that Year begins on a Sunday, it will end on Monday, 
and the next will begin on Tueſday, and the firſt Sun- 
day of that Year will fall on the ſixth Day of January, 
to which is annexed the Letter F, which will be the 
Dominical Letter for the Year following the Leap Year, 
whoſe Dominical Letter was A. And ſince the Biſſex- 
tile or Leap Year, returns every fourth Year, 'tis plain 
the Series of Dominical Letters will be interrupted, and 
will not return *till after four times ſeven, or twentyr 
eight Years. And hence ariſes the Cycle of twenty- 
eight Years called the Solar Cycle, which being com- 
Pleated, the Days of the Month return in the ſame 
Order to the fame Day of the Week. 
19. And ſince in every Leap Year, the Thncolary 
Day is placed between the twenty-third and twenty- 
fourth Day of February, and ſo makes two twenty- 
fourths of February; which in the Kalendar are eſteemed 
as one and the fame Day, and have the ſame Letter 
affixed to them, and which by our Way of Reckoning 
are called the twenty-fourth and twenty-fifth Day of 
February; *tis plain the Order of the Deminical Letter 
will at that Time be interrupted, and the ſucceeding 
Letter will take Place; thus it in a Leap-Year the 
firſt of January be Sunday, and conſequently the Do- 
minical Letter A; the twenty-fourth Day of February 
will fall upon a Friday, and the twenty-fifth on a Sa- 
turday; and fince both theſe Days are marked in the 
Kalendar with the ſame Longer P; the following Day, 
Which 
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ich is Sunday, will be marked with G, which Let- 
ter will mark out all the Sundays, and conſequently be 
the Dominical Letter, the remaining Part of the Year. 
And hence it is, that every Leap Y ear has two Domi- 
nical Letters, the firſt of which ſerves from the Begin- 


ning of the Year to the twenty-fourth or twenty-fifth 
Day of February, and then the other takes Place, and 


ſerves for the reſt of the Year. And hence ariſes the 
Cycle of twenty-eight Years, generally called the Cycle 
of the Sun; and, may be found by adding 9 to the 


given Year, and dividing the Sum by 28; for the 


Quotient will ſhew the Number of Cycles, that have 


elapſed ſince the Beginning of the Chriſtian Era; and 


the Remainder the current Year of the Cycle. 


And hence we have the following general Rule for 


finding the Dominical Letter, according to the Julian 


Method of Computation. Add to the Year its fourth 
Part, and 4, and divide that Sum by 7; if nothing 

remains the Dominical Letter is G, but if any Re- 
mainder, it ſhews the Letter in a retrograde Order 
from G; or it it be ſubtracted from 7, you will have 


the Index of the Letter from A. Reckoning tor ly 
A; for 2, B; for 3, C; Sc. 

20. But by the Reformation of the Kalendar under 
Pope Gregory, the Order of the Dominical Letters was 


interrupted in the Gregorian Year : for the Year 1582, 


which at the Beginning had G tor its Dominical Letter, 
by retrenching 10 Days after the fourth of Oober, 
came to have C for its Dominica! Letter; and by 
having but one Deminical Letter for the Year 1700, 
the Dominical Letter of the ancient Julian Kalendar is 
four places before that of the Gregorian; whence to 
find the Dominical Letter according to the Gregorian 
Year, or New Style, we muſt uſe the following Rule: 
Divide the Year and its fourth Parr, by 7, and 


ſubtract the Remainder from 7, and you will have the 


Index of the Dominica Letter as before. rp 


— Example. 
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Eixdniple. Let it be required to find the Dominica! 
Letter for the Year 1 1 
I add to the given Year its fourth Part; ViZ.' 4395 
and divide that Sum, namely 2196 by 7, and the Re- 
—_— is 5, which being ſubtracted from 7; leaves 

the Index of the Letter 8B. 

. becauſe the Years 1800, 1900, 2100, 2200, 
2300, c. according to the New Style, conſiſt only 
of 365 Days, and conſequently have but one Domini- 
cal Letter, which according to the Julian Account 
would have had two, therefore the above Rule will 
not find the Dominical Letter any longer than the Year 
1 
909 Since the Revolutions of the Sun and Moon are 
found conſtantly to be the ſame, the Moon moving 
with about thirteen Times the Velocity of the Sur ; 
it follows, that after a certain Number of Revolutions, 
they muſt meet again in the ſame Point of the Hea- 
vens they did ſome Time before, which by Meton the 
Athenian, was ſaid to be 19 Years juſt; after the Ex- 
piration of which Time, the et and full Moons were 
| ſuppoſed to happen on the ſame Day and Time 
of that Day, and in the ſame Month, they did 
19 Years before that. This Cycle is from it's Au- 
thor called the Metonrc Cycle ; : alſo tis called the 
Lunar Cycle. | 

22. This Cycle began 1 Year before the Commenee- 
ment of the Chriſtian Ara, and conſequently to find 
what Year of the Cycle any Year in the Chriſtian Ara 
is; we mult to the given Year add 1, and divide the 
Sum by 19 3 then the Quotient will ſhow how many: 
Cycles have revolyed ſince the Commencement of the 
Chriftian Ara, and the Remainder will ſhew what 
Tear of the Cycle the preſent Year is; if there be no 
| Remainder, then the given Year will be the laſt or 
nineteenth Year of the Cycle, The Year of the Cycle 
anſwering to any given Year, is, for it's great Ule in 
determining the Times of the zew and full = 
| ; * — 
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and thereby knowing what Day of the Month Eaſter 


Day falls upon, called the cal, Number or Prime for 
that Year. 


Example. Required the Golden Number for the 
Tear 1957. „ 

Firſt, 1 add 1 to the given Year, and the Sum 1s 
1758, this divided by 19, gives 92 for the Quotient, 


and 10 for the Remainder ; which ſhows that there 
has revolved 92 compleat Lunar Cycles ſince the firſt 


Year of that Cycle in which the Chriſtian Fra com- 
menced, and that the given Year is the tenth Year of 


the current Oele, conſequently 10 is the Prime or 


Golden Number tor the Year 1757. 
23. It has been ſhewn, at Art. 13. of this, chat 


the Solar Year exceeds the Lunar by 11 Days nearly; 


conſequently if the Moon be new, or in Conjunction 
with the Sun, on the laſt Day, or thirty-firſt of De- 


cember in any Year, on the laſt Day of the next Year | 
| it will be 11 Days paſt Conjunction, and on the laſt 


Day of the following Year it will be 22 Days after 
new Moon; but becauſe in the ſucceeding Year this 


amounts to 33 Days, and 30 Days being allowed for 
a compleat Moon: tis plain, in that Year there 
will have happpened 13 Conjunctions, and the Moon = 
will be 3 Days paſt Change on the laſt Day of it; 


conſequently on the laſt Day of the next Year the 


Moon will be 14 Days palt! the Conjunction, and ſo 
continually increaſing by eleven Days yearly, till after 


the End of 19 Years it will become the ſame as before. 
The Age of the Moon, or Number of Days paſt 
ſince the Conjunction, on the laſt Day of ay Year, 
is called the Epa# for the fucceeding Year. 


24. Now ſince the Epa# for the firſt Year of 
the Lunar Cycle was 11, the Epa# for the Second 


will be 22, for the Third 3, for the Fourth 14, for 
the Fifth 25, and ſo on conſtantly increafing by 11 ; 
it follows that to find the Epact for any Year, we 
muſt — the Golden Number for that Year by 11, 


and 
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and divide the Product by 30, and the Quotient, if 


there be any, will ſhow how many Embolimean or In- 


tercalary Months have happened ſince the firſt Year 
of the current Cycle, and the Remainder will be the 
Epa# for the given Lear; or will ſhow how many 
Days have elapſed between the laſt Day of the former 
Year, and the immediaetly preceding Conjunction. 
But the Epact thus found will be that for the 7u- 


| lian Year; and therefore to find the Gregorian Epact, 


or that of the New Style, we muſt ſubtract from the 
Julian Epact, the Number of Days it has anticipated 
(Art. 16.) and the Remainder will be the Gregorian 
Epact required, 

Example, Required the Gregorian Epact for the 
Year 1757. 

Firſt, 1 find the Julian Epact for the Year 1 757 


will be 20, from which -I ſubtract 11, the Number 


of Days anticipated, and the Remainder 9, is the 


 Epa#, or Age of the Moon the laſt Day of De- 


cember 1757, required. Note, After the Year 1800, 


the Julian Account will have anticipated 12 Days, and 


conſequently 12 muſt be ſubtracted from the Julian 


Ezpact. 


mT Since FR Art. 23. the Epat? for any Year 
ſhews the Age of the Moon on the laſt Day of 


the preceding Year, 'tis plain if to the Epai# we 
add 1, the Sum will be the Age of the Moon the 


firſt Day of that Year; but becauſe the Synodical 
Month, or Time between any two immediate Con- 


junctions, is equal to 29 Days and an Half, and 


January containing 31 Days; therefore if to the 


5 Age of the Moon on the firſt of January be add- 
ed 12 or (to avoid Fractions) 2 Days, the Sum 
will be the Age of the Moon on the firſt of Fe- 


bruary;, and becauſe in common Years the Days 
in January and February taken together make 59, 
which is exactly equal to two entire Lunations, 
therefore the Age of _ Moon on the firſt of 
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Fanuary will be the ſame with it's Age on the 


firſt of March, and conſequently to it's Age on the 
firſt of January, there is nothing added, in common 
Years, tor it's Age on the firſt of March; but in Leap 
Years the Sum of the Days in January and February 
being 60, which is more than two entire Lunations by 
1 Day, it is evident that in this Caſe, we muſt add 1 


Day to the Moon's Age on the firſt of January, and 


the Sum will be it's Age on the firſt of March. And 
by the ſame Way of Reaſoning it will appear, that 


to find the Age of the Moon on the firſt Day of any 


Month, we muſt add to it's Age on the firſt of Ja- 
nuary the following Numbers, viz. for February 2, for 


Mareh o, in common Years, and 1 in Leap Years, 


for April 2, for May 3, for June 4, for July 5, for 
Auguſt 6, for September 8, for October 8, for Novem- 
ber 10, and for December 10. Theſe additional Num- 
bers are called the Numbers of the Months. 

26. From what has been ſaid in the two laſt Arti- 


cles, there naturally follows this Rule for finding the 
Age of the Moon on any Day, of a given Year, vi. 
To the Epa#Z for the given Year, add the Day of the 


Month and Number of the Month, and if the Sum 
be leſs than 30 it is the Age of the Moon required; 


but if it exceed 30 then rake 30 from it and the Re- 


mainder is the Moon's Age. 


Example. Required the Moon's Age on the 23 Day 
of May 1757. 


Nit, by Art. 24. I find the Epa# for chat Year to 
be 9 to which adding 23 the Day of the given Month 


and 3 the Number of it, the Sum is 35 from-which 
taking 30 there remains 55 the Moon's Age on the 
given Day. 


27. Since the Moon takes 30 Days from one . 
junction with the Sun to the next following, tis plain 


ſhe muſt be 15 Days old when Full, and 7 when in 
the firſt Quarter; and 22 + Days old when in the laſt 


e Conſequently to find in any Month of a 
K given 
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given Year the Day of the Moon's Change, and when. 

ull, and when in either Quarter, we have this Rule, 
viz. Aſſume any Day of that Month at Pleaſure, and 
by the laſt Art. find the Age of the Moon on that 
Day; then if it be 15 the Moon will be full that Day, 
and counting 7 * Days backwards and forwards from 
that Day, you'll have the Times of the firſt and laſt 
Quarters, and by counting backwards and forwards 
from it, 15 Days you'll have the Times of the laſt 
and next Change. But if the Age of the Moon be 


oreater than 15, then take 15 from it, and the Re- 


| mainder will ſhow how many Days have run ſince laſt. 


Full-Moon. So counting thoſe backwards you'll have 
the Day the laſt Full- Moon happened on; and by 
knowing that, we can find the Days of the Change 
and either Quarter as before. Again, if the Age of 
the Moon on the aſſumed Day be leſs than 15, then 
take that from 15, and the Remainder will ſhow how 
many Days are to run 'till the next Full- Moon; and 
therefore counting ſo many forwards, you will have 
the Day of the Full- Moon, by which you may find 
the Days of the Change, and either Quarter as above. 
Example. Required the Times of Fu/l- Moon, New- 
Moon, and firſt and laſt Quarters in October 1757. 
_ Firſt, J aſſume any Day at Pleaſure, ſuppoſe the 
ſeventh of that Month; then by the laſt Art. I find 
the Moon's Age on that Day to be 24 Days, from 
which taking 15 there remains 9, the Number of Days 
fince the laſt Full- Moon; therefore counting ſo many 
Days backwards, I find the Full-Moon happens on the 
29th Day of September, and counting 7 + Days for- 
wards from that I find that the laſt Quarter happens 
. on the ſeventh Day ; then from the 29th Day, on which 
the Full- Moon happens, counting 15 Days forwards, I 
find that the Change falls on the 14 Day, and reckon- 
ing 7 -- Days forward from that, I find that the firſt 
Quarter falls on the twenty-ſecond Day. 55 


28. When 
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28. When the Moon is in Conjunction with the 
Fun, then they both come to the Meridian at the 
fame Time; but the Moon moving ſtill Eaſterly 


with a Velocity much greater than that of the Sun, 
*ris evident that when the dun comes on the Meri- 


dian the next Day, the Moon will be on the Eaſt Side 
of it, and conſequently cannot be upon the Meri- 


dian 'till ſome Time after the Sun; and becauſe ſhe 


compleats her Revolution in 30 Days, therefore in 
that Time, the Difference of Time between the Sun 


and Moon's being on the Meridian will run through 


the whole 24 Hours: And hence by obſerving any 
Day how long Time the Moon takes to be upon 


the Meridian after the Sun, we may by this find 


the Age of the Moon that Day, making the fol- 
lowing Proportion, v!z. As 24 Hours, the whole 
Difference of Time, is to 30 Days, the whole 


Number of Days from Change to Change, So is the 
obſerved Difference of Time on any Day, to the 


Days run ſince the laſt Change, or the Age of the 


Fn at that Time. 
Example. Suppoſe on any the the Moon is ob- 


ſerved to be upon the Meridian 5 Hours after the 


dun; Required the Age of the Moon at that Time. 
Make it, as 24 is to 3o, fois 5 to 6 4; conſequent- 


ly the Moon is 65 Days old at the Time of Obſerva- 
tion. 


29. The Moon moving round her Orbit, or 360 


Degrees, in 30 Days, ſhe muſt move 12 Degrees 


in 1 Day; but ſince her Motion is from Weſt to 


Eaſt, and any Heavenly Body, 15 Degrees to the 
Faltward of another, being i Hour later in coming 
to the Meridian than that other; therefore making 
it as 15 Degrees is to 1 Hour, ſo is 12 Degrees to 


+ of an Hour, or 48 Minutes; we find that the 


Moon is always 48 Minutes later of coming to the 


Meridian any Day than ſhe was the Day before; 


and becauſe ſne comes on the Meridian at the ſame 


K 2 „ Time 
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Time with the Sun on the Day of her Change; 
therefore to find her Scuthing, or Time of her com- 
ing on the Meridian, any Day, we muſt firſt find 
her Age (by Art. 26.) for that Day, then this mul- 
tiplyeck by 48, will give the Minutes of Difference 
of Time between the Sun and Moon's coming on the 
Meridian ; which, divided by 60, will ſhow how 
many Hours and Minutes the Moor is later of coming 
on the Meridian than the Sun; and counting lo 
many forwards from twelve of the Day, we have 
the Time of the Moon's Southing, If the Hours and 
Minutes found as above be leis than 12, then that 
will be the Time of the Moon's Southing after Noon; 
but if greater than 12, then take 12 from them, and 
the Remainder will be the Time of the Moon's South- 
ing in the Morning. 
Example. Required the Time of the Moow 8 Southing 

on the 17th of O#ober 1757. 

- Firſt, (By Art. 26.) I find the Age of the Moon 
that Day to be 4 Days, which multiplyed by 48 gives 
192 Minutes, for the Difference of Time between the 
Sun and Moon's coming to the Meridian that Day; 
and this divided by 60 gives 3 Hours and 12 Minutes; 
which being leſs than 12 Hours, is the Time of the 
Moon's Southing after Noon. 

Example 2. Required the Time of the Moon: 8 
Southing the 7th Day of May 1757. | 

Firſt, (By Art. 26.) I find the Moon's Age that Day 
to be 19 Days, which multiplyed by 48 gives 912 
Minutes, the Difference of Time between the Sun and 
Moon's being on the Meridian that Day, and this re- 
duced makes 15 Hours and 12 Minutes; from which 
taking 12, there remains 3 Hours 12 Minutes, 
which ſhews that on the 21ſt of May 1733, the Moon 
comes on the Meridian, at 12 Minutes paſt 3 in the 
Morning. 

30. It was ſaid at Art. 20. of this, that the firſt 
Year of the Solar Cycle was 3 ear; — 
| PIE 
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the fifth muſt be Leap- Near, and the ninth muſt alſo 
be Leap-Year ; but the Chriſtian Ara commencing on 
the tenth Year of the Solar C ;ycle, therefore the firſt 
Year of that was the firſt after Leap-Year, and the 
fourth was Leap-Yeor, alſo the eighth, twelfth, ſix- 
teenth, c. were Leap-Y7ears; whence to find whe- 


ther any propoſed Year of the Chriſtian Ara be Leap- 


Year, or how many it is paſt the laſt Leap-Year ; we 


muſt divide the propoſed Year by 4, and if nothing 
remain, then the propoſed Year is Leap-Yeor , but if 


: any Thing remain, that will ſhow how many Years 
have paſt ſince laſt Leap-Year. But remember, that 
in the New Style, the Years 1800, 1900, 2100, Oc. 


are reckoned as common Years, whereas by the above 


Method of Computation they would be Leop-ears. 


Example. Required whether the Year 1 757 be Leap- 


Year, or how many ſince laſt Leap-Year. 

I divide the propoſed Year 1757 by 4, and there 
remains 1, ſo I conclude that the Year 1757 iS the 
firſt after Leap-Jear. 


31. It has been ſhown at Art. 17. ol this, . 
to every Day of the Lear there is annexed one of 


the firſt ſeven Letters of the Alphabet, beginning 


with A, which is always annexed to the firſt of 
January, and in any common Year, the Letter an- 


nexed to the firſt Sunday of January is called the 
 Dominical Letter for that Year ; but each Leap-Year 
having two Dominical Letters (by Art. 19.), the firſt 
of which ſerves from the Beginning of the Year 


to the twenty - fourth or twenty-fifth of February, 


and the other for the reſt of the Year ; conſequently 


the Dominical Letter for any common Year, will 
ſhew what Day of January the firſt Sunday of that 
Year happens upon, reckoning from A (which is 


annexed to the firſt of January) according to the 


natural Order of the Letters, and in any Leap-Year 


the firſt of it's two Damiuical Letters will ſhew what 
Pay « of January the firſt Sunday of that Year falls on, 
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counting from A, as above; thus in the Year 17 57 
the Dominical Letter | is B, fo counting from A, viz. 
making A one, and B two, I find that the firſt Sun- 
day of that Year falls on the ſecond Day of January; 
and by knowing what Day of January the firſt Sunday 
of any Year falls on, we may know what Day of the 
Week the firſt Day of that Year falls upon, by count- 
ing ſo many Days back from Sunday; thus, ſince in 
the Year 1757, the firſt Sunday falls upon the ſecond 
of January; therefore the firſt will be Saturday; con- 
ſequently the Year 175 begins upon Saturday. From 
what has been ſaid, there ariſeth the following Rule 

for finding what Day of the Week any Day of a given 
Vear falls upon, viz. Find the Day of the Week 
anſwering to the firſt of Januam that Year ; then add 
together the Days contained in each Month from the 
Beginning of the Year to the Month in which the 
_ Propoſed. Day is, and to this add the Day of the 
given Month: Laſeh, Divide this Sum by 7, and if 
"nothing remain, then the Day of the Week, pre- 
ceding that Day which anſwers to the firſt of Ja- 
nuary that Year, is the Day anſwering to the propoſed 

Day; but if any Thing remain, then counting ſo 
many forward (beginning with that Day, the firſt 
of January falls on) we ſhall have the Day of the 
Week, the propoled Day falls upon. Note, The 
Days contained in each Month, are as follow, viz. 
Fanuary 31, February 28 in common Years, and 29 
in Leap-Years, March 31, April 30, May 31, June 30, 
Fuly 31, Auguſt 31, September 30, October 31, No- 
vember zo, December 31. 

Example. Required what Day of the Week the 
eighth of Fuly 1757 falls upon. 

Firſt, By the preceding Rule in this Article, I find 
that the firſt of January 1757 falls upon a Saturday; 
then to the Numbers, 31, 28, 31, 30, 31, 30. anſwer- 
ing to the elapſed Months, I add 8 the Day of the 
given Month, and the Sum 189 Are by 7, there 

remains 
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remains nothing, ſo I conclude that the cighth of Fuly 
1757 falls upon a Friday. 
Example 2. Reculied. what Day of the Week the 
twenty-firit of March 1757 falls upon. 
Buy proceeding as in the laſt Example, I find after 
Diviſion that 3 remains, and the Year beginning upon 
a Saturday, therefore counting Saturday 1, Sunday 2, 


and Monday 3, I find that the propoſed Day falls 8 


upon Monday. 


32; . to the Decree of the Nicene Council 


(which is followed by the Church of England) the Sun- 
day after the fourteenth Day of that Moon which hap- 
pens after the twenty-firſt of March incluſively, i. e. 
alter the Commencement of the twenty-firſt of March, 
is Eaſter-Sunday. And ſince the fourteenth Day of 
that Moon, or the Paſchal Full- Moon can never happen 
before the twenty-firſt of March, nor after the eigh- 
teenth of April; therefore Eaſter- Day can never hap- 
pen ſooner than the twenty- ſecond of March, nor later 


than the twenty-fifth of April. Now to find what Day 
of March or April, Eaſter-Day falls upon in any Year, 
' we have from the foregoing Articles, the following 


Rule, viz. Firſt, (by rt. 26.) find the Age of the 


Moon on the twenty-firſt of March that Year, and if 
it be 14, then by the laſt Article find the Day of the 


Week anſwering to it, and the Sunday following is 


Eaſter-Day; but if the Moon's Age on the twenty? 


firſt of March be not 14, then reckon forward to the 


Day in which her Age is 14, and by the laſt Article, 


find the Day of the Week an{wering to that Day, and 
reckoning forward to the next Sunday, we ſhall have 
the Day required. 
Example. Required when Eaſter-Day happens i in the 
Year 1758. 
Firſt, 1 find (by Art. 26.) that the Age of the 
Moon on the twenty-firſt of March 1958 is 11; con- 


ſequently counting 3 forward, I find that the 14 Day 


ef the Moon, or che Paſchal Full- Moon, happens on 
K 4 the 
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the twenty fourth Day of March; then (by Art. 31.) 
I find that the twenty-fourth of March 1757, is Fri- 
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day; therefore counting forwards to the next Sunday, 
which is Eafter- Day, I find it happens on the twenty- 
ſixth of March. Note, In Leap-Years, inſtead of the 
twenty-firſt of March, you muſt uſe the twentieth 


\ becauſe in theſe Years February is increaſed by 1 Day. | 


33. From the Cycles of the Sun and Moon (ex- 
5 in Art. 18. and 21.) multiplied into one ano- 

her, there ariſes another Cycle of 532 Years, called 
the Victorian or Diomſian Cycle, from Dionyftus it's 
Author; after the compleating of which, not only 
the New-Moons and Full- Moons return to the fame 
Day of the Month nearly ; but likewiſe the Days of 
every Month return to the ſame Days of the Week; 
and conſequently the Dominical Letters, and all the 
Moveable Feaſts, return in the ſame Order : Whence 


this Cycle is called The Great Paſchal Cycle. 


Now, be- 


cauſe the Chriſtian Ara commenced on the 457th 
Tear of the Cycle; therefore to find the Year of the 


Dionyſian Period for any Year of the Chriſtian Ara, 


we have the following Rule, vig. 


To the current 


Year of the Chriſtian Fra, add 457, and divide the 


Sum by 532; then the 


Quotient will ſhew how many 


Periods have pait ſince the Beginning of that in which 
the Chriſtian Aira commenced, and the Remainder 
will ſhew the Year of the Dion dan Period anſwering 
to the given Year. 

Example. Required the Year of the Dionyfan Pe- 
riod, for the Year of Chrift, 1758. 

Tit, I add to 1758 the Number 457, and the 
Sum is 22153 then I divide this by 532, and the 
Quotient is 4, and Remainder 87; conſequently there 


has 


paſt 4 Diomſian Periods ſince the Beginning of 


that in which the Chriſtian Ara commenced, and the 
| given Year is the 87th of the Current Cycle. 
34. Beſides the Cycles of the Sun and Moon, there 
Þ 5 [another Cycle conſiſting at 15 Fa called the 
| Cycle 
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Cycle of Indiction, which hath no Connection with the 
Celeſtial Motions, and which was made ule of by the 
Romans for ſome Civil Purpoſes, and is ſtill uſed by 
the Popes of Rome in their Bulls and Diplomas. The 
Year before.the Birth of Chriſt was the third Year of 
this Oele; and conſequently to find the Year of [1dic- 
tion tor any Year in the Chriſtian Aire, we have this 
Rule, viz. to the given Year add 3, and divide the 
Sum by 15, then it there be no Remainder, the given 
Year is the fifteenth of the Indittion; but if there be 
any Remainder, that will ſhew what Year of the In- 
diction the given Year is; and the Quotient will ſhew _ 
how many compleat Cycles of Indiction has paſt ſince 
the firſt Year of that in which the Chritinn Ara com- 
menced. hy 
Example. Required the Year of Indickion, for the 
Year 1758 of the Chriſtian fra. 

Firſt, I add 3 to the given Year, and the Sum is 
1761 ; then I divide this Sum . 15, and the Quo- 
tient is 117, and Remainder 6. Conſequently there 
has been 117 compleat cles of Indiffion trom the firſt 
Year of that in which the Chriſtian Ara commenced, 
and the Year 1758, is the 6th Year of Indiction. 

35. From the Multiplication of the three Cycles, 
viz. the Solar of 28 Years, the Lunar of 19, and 
that of Indiction of 15; ariſes a Period of 7980 Years, 
called the Great Fulian Period. This is ſuppoſed to 
have begun 764 Years before the Creation of the World, 
and is not yet compleated ; conſequently it muſt com- 
prehend all the Actions that have happened: from 
the Beginning of the World; and ſince the Year be- 
fore Chriſt was the 4713th Year of this Period, there- 
fore to find what Year of the Julian Period any cur- 
rent Year is, we mult to the given Year of Chriſt add 
4713, and the Sum will be the required Year of the 
Julian Pericd. 

Example. Required what Year of the Julian Period 
anſwers to the Current Lear of Crit, J 7 58. 


To 


_— — 
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To the given Year 1758, I add 4713, and the 
Sum 6471, ſhews that the current Year of Chriſt, 
1758, is the 647 iſt Year of the Julian Period. 
36. As in the Heavens, there are certain Points 
from which Aſtronomers begin their Computations ; ſo 
| likewiſe there are certain Points of Time, from which, 
as Roots, Chronological Computations begin; and all 
memorable Actions are recorded by Hiſtorians accord- 
ing to-the Series of Years following theſe Roots, or 
fixed Points of Time, which are called Epochas or 
Eras. The moſt celebrated and beſt known to us, 
is the Chriſtian Ara, which commenced on the firſt 
of January, immediately following the Birth of Chri/t. 

37. The moſt ancient Epocha, is that of the Crea- 
tion of the World; which commenced 3950 Years 
before Chriſt. The next to this is that of the Deluge, 
which began 2956 Years before Chriſt. Then follows 
the Epocha of the Olympiads, which was the moſt an- 
_ cient and famous Epocha among the Greeks, and other 
Eaſtern Nations, each Olympiad contained 4 Years, 
and they had their Riſe from certain Games that were 

celebrated by the Grecians every fourth Year; in 
Honour of Jupiter Olympus, which were called Olym- 
pick Games, The Beginning of this Epocha is ſup- 
poſed to have been in the 777th Year before Chriſt, 
and in the 3936th Year of the Julian Period. The 
next Epocha, is that of the Building of Rome, which 
began about the End of the third Year of the Sixth 
Olympiad, 754 Years before Chriſt, and in the 3959th 
Year of the Julian Period. Then follows the Ara of 
Nabenaſſar, King of Babylon, from the Beginning of 
whoſe Reign it commenced. This Ara is famous 
among Aſtronomers, being made uſe of by Ptolemy, 
Albategnus, &c. as a proper Ara for computing the 
Motions of the Celeſtial Bodies from. It began, ac- 
cording to Ptolemy, on the fourth of the Kalends of 
March, 747 Years before Chriſt, in the 396th Year 
of the Julian Period, and in the ſeventh Year * * i 

the 


the Building of Rome, and in the ſecond Year of the 
eighth Olympiad. The next is the Epocha of Alexan- 
der the Great, which commenced at his Death; and 


this happened about the middle of the Spring, in the 
Rrſt Year of the 114th Olympiad, 324 Years before 


Chriſt, in the 439oth Year of the Julian Period, and in 


the 424th Year of the Æra of Nabonaſſar. There are 
ſeveral other Epochas beſides theſe already mentioned 
of leſs Note, which I ſhall paſs over, it not being the 


Deſign here to give a particular Deſcription of all the 
Epochas and their ſeveral Uſes, but only to give a ge- 
neral Account of the moſt remarkable among them. 

38. Since by the Rotation of the Earth about it's 


Axis, the Moon appears to move quite round from 


Eaſt to Weſt in 24 Hours; therefore in that Time ſhe 


muſt paſs over all the Points in the Compaſs, and ſo 


muſt move from one Point to the next ſucceeding in 
45 Minutes. Conſequently in moving from the North 
Point to the South, ſhe muit take 12 Hours, and 


from the North to the N E, or from the South to 


the S W, 45 Minutes; alſo from the North to the 


NN E, or from the South to SS W, 1 Hour 30 


Minutes; and ſo on as in the following Table. 


mu. 


Points. | hb, m | Points. | 
Wo | 12 „00 8 | 

NIBE - 0:44 66 8 W 

NN „ 1 $3 W 

NEIN -S: 6 "BT SWbS 

| NE 3 5» 00 6 
N E Y E 3 „ 45 S WZE W 
EN E 4 5 30 WSW 
i "Ss W358 

3 E. 5 5 „ 00 e 

|. E68S- 6 „ 45 WIN 
ESE * 1 38 WNW 

j SEbE 8.15 NWS W 

| SE | 9 „ 00 MW 
SES | 9: * 48 NW4N 
SSE 10 % 30 NN 

i 85 E 11 % „„ N 
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39. The Flux and Reflux, or Ebling and Flowing 


of the Seas, do conſtantly reſpect the Motion of 


the Moon, and in every Place when the Moon is on 


a certain Point of the Compaſs, or at a certain Diſtance 


from the Meridian, it is then High-Water at that 
Place; and ſince ſhe is twice at the ſame Diſtance 


from the Meridian, or in two oppoſite Points of the 


Compaſs, in her diurnal Motion; therefore in moſt 


Places there is a double Ebbing and Flowing in a lit- 
| tle more than 24 Hours. There has been found by 


blervation,. for the moſt remarkable Coaſts, thg 
Points on which the Moon is when it is High-Water 
in each of them; as in the en Table. 


A Table 
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A Table of the moſt remarkable Sea-Coafts, in an Al- 
Phabetical Order; ſhewing in each of them, the Points 
of the Compals the Moon maſs be on, when it is 


Mater. 
1 


WS W. 


At Ab ormerick and Antwerp, . 


E and W. 

At Aidvorough, 8 E 3 8, and 
NWO. 

At Amſterdam and Armenties, 
NESW. 

At Army, NN E, and 8 SW. 


B. 


At erb and Blacktail, and | 


before the Race of Blanguet N 
and S. 


At Blackneſs in Bluet, at Belle 


Ile, NNE, and S 8 W. 


Without Bleut, and at Ber- 


wick, NE N, and S W558. 
At the River Bourdeaux, the 
South Coaſt of Britagne, the 


Coaſt of Biſcay, and at Bookne/s, | 


NE, and & W. 
At Breſt, before the Baſs, 
the River of Bourdeaux within 


the Haven, N E b E, ung S W 


1 W. 


timore, E N E, and WS W. 
HhHefore Bremen, and at Black- 
ney, and in the Channel before 
Bourdeaux, E and W. 


At Bridgewater, E S E, and 


WN W. 


At Briſtol. Rey, E 6 S, and 
WN. 8 


In the Breeſuund, Bly, Bal. 


At Bullen: deep, 8 8 E, and 


NN W. 
1 2 ae E N E and | 


C. 
Before the Hara: of Caen, i in 
the Chamber, between Cripp/e- 


nd and the Creyl, and at Cul- 


hot, 8 & E, and N 6 W. | 
At Calay, and in the Bay of 

Carnarwan, E N, and WbS. 
Without Calais, at Corpus 


fer, NNE, and 88S W. 
Between Calais and Dower, 
before Conguet, and at the N. 
Cape, N E, and SW.” 
At the Caſters, and at Chan- 
berneſs, SE bS, and N WN. 
Between Guernſey and the 
Caſbets, before Cromer, before 
the Caſtets at Guernſey, at Se- 
ven Cliſts, and at Catneſs, S E, 
and N W. 
In the Chamber of Be, Nb 


E, and 83 W. 


Without the Caſtets, in the 
Channel, S E E, and NW 
6 W. bs | | 
At Concalo, E and W. 
In Condado, N and 8s. 
At Cork,. Calais, Cape Clear, 
and in the Creek, EN E, and 
WSW. 
At Coaves, in the roſs of Ci 
in Calais Road, and in Cham 
berneſs Read, 8 8 E, and N 


Chriſti Point, before and at Cam- 
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D. 


At Dartmonth, E and W. 
At Diep, Dower, and in the 
Downs, 8 8 E, and NN W. 


At Dower Pier, and before 


Dunkirk, N and S. 


At Denbeigh and "Downs, in | 


the Road, NE 4N, and SW 
58. 
At Dublin, 8 L b E, and 
NWZ W. 

At Dunbar, S E, and N W. 


At Dungeneſs and Dunnoiſe, | 


S E38, and NW N. 


At Dangerſen, E N E. and 


e 
E. 


At Edam, NNE, and 88 W. 
At Emdenm, before the Eve, 


before the Eyder, and before | 


Enchuſen, N and 8. . 
Before the Eaftern and Weſtern 
Emes, and Engemonts, 8 E, and 
N Y 


F. 


In the Fair Ne Roads, and at b 


the North Foreland, 8 & L., and 
NI W. 

At the Fritb, and at the 8 
Foreland, SS E, and NN W. 


Before the Fen, in the Claw: | 


nel, NNE, and 88 W. 
At F eue and Bradli i- 
ton, N E, and 8 W. 


and 5 

Without the Banks of Flan- 
dert, N E, and S W. 

AM Fluſping, N E, and 8 


4 


Without Fountney, N E 6 N, 
and SW 38. 

At the Forn, in Fowey, at Fal. 
mouth, E h N, and W bS. 

Without the FH, SE 5 E, 
and NW W. 

Before the Coaſt of Frize- 
land, and the Fly, ESE, and 
WNW. 

Between Fowey and Falmouth, 
in the Channel, and at Foulneſs, 
E VS, WON. | 

At . and the Fair Ne, 
N W, and S E. 


In the Road of Gibraltar, at 


| Graweling, and before G 


burgh, N and S. 
Before Gore, at Guernſey, 


and at Graveſend, N N E, and 
SSW. 


At Groin, 10 Gaſeige, as | 


the Coaſt of Galicia, N E, and 


8. 

Thwart of Gene in the 
Channel, 8 E38, and N W. 
b N. 


Before Hamburgh, at Hull, 


. | at the Holms, and before Hu- 


| ber's Mouth, E and W. 
At Hampton Key, before the 


Heer, before Horn, N and 8. 


At Harlem, Hawre de Grace, 


and Home hend, S E, and N VV. 
On the Coaſt of Flanders, N | 


Before Har thepool, NE, and 
S W. 


At St Helens, at Harwict, 
| and without the Banks of Har- 
wich, SSE, and NNW. 


1 A 


| and 8 W 58. 


NWZ W. 


S W358. 
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At Aber, E b6 N, and 
WS. 
Under Holy and, 450 at 
Horn, NNE, and 88 W. 

At Huntcliff . NE 6 E, 
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M. 
Within the Maes, at Malden, 


N E, and 8 2 W. 


Before the Maes, and before 


. | Se Matthew's Point, NE 6 E, 


1. 


In all the Havens on the S. 
Coaſts of Ireland, E 5 N, and N 


WS. 


On the Weſt Coaſt of Ire- 
land, N E, and SW. 


At Futland Wands, N and S. 
K. 


At Kelliers, N E, and SW. 
At Kentiſb Knock, N and S. 


At Kilduyn, E 8 E, and | 


WNW. 


At Kildrive, S E, and N W. 
At King ſale, E N E, and 


W 8 W. 
. 
At Lambay, 8 E b E, and 


At Leith, N and 8. 
At Lynn, E 6 >, and WN. 
: "ME Liſten NE N, and 


At the Lizard, by the Land, 
ESE, and W N W. 

At Leofeff, and thwart of 
it without the Banks, SE b 5, 
and N W 4 N. 

In Leofioff Road, bor 1 
Feen S S E, and NN W. 

At Londun, NE, and SW. 

At Lacey, E nd W. 

Thi arc of Londey, and before 


and SWW. 


In Sz: Magnus Sound, Bok = 
the Magnes Caſtle, SE 6 E, and 
NNW W. 


At the Ie of Man, SE, and 
XV. 


Before Margate, 85 E, and 
NIV W. 


In Milford, at Moonleſs, at 


St Maloes, E & N, and WS. 


Between Mouſehole and Fal- 
mouth, and in Milford Haven, 


Es E, and WN W. 


In Mouſehole, at Set Mat-. 
thew's, and within Mounts Bay, 
E N E, and W SW. 


N. 


Between the Naxe, and War - 
bead of Lower, 8 6 E, and 


Ne W. 


Before the River of Nants, 
N E, and S W. 
At the Needles, at the Je of 
Nabe, S E E, and N WE W. 
At Nowcaftle, EN, and 
W338. 
At Newport, half Tide, N 
and 8. | 
At the Weſt End of the Mere, 
N E, and 83 W. 
Before St Nicholas, E 6S, and 
WN. 
All the Coaſt of N 
and Picardy, 8 S E, and NNW. 


0. 
At Orfordneſs, SE5S, and 


Lym, N, and W 68. 


. 


N WVC N. 
At 
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At Orforaneſs, without the 
Banks, and between Orford and 
Orwell-Wawes, 88S E, and N 
NW. 


At Ge, within: the 


Sands, 8 5 E, and N W. 


At Orkneſs, NE, and SW. 
At Orizey, S E, and N W. 


P. 


At Sz Paul's in the Haven, 
E and W. 


= At the Pens, Porthus, and 
Poicta, N E, and SW. 


In Phmouth, and before &. 
Paul's E N, and WhS. 


Thwart of Plymouth, ES E, 
and WNW. 


Before Pode efemect, E b 5 and 


WN. 


At the Race of Portland, SE, 


and N W. 
At ret half Tide, N 


and 8. 
At Dueenborough, N and S. 
S. 
In the Sve, between Uſbant 


and Scilly, at the Shove, at the 


Spitt, at Southampton, and all 
along the Sabin, N and S. 


Upon the Coaſt of Spain, and 


in Shetland, N E, and 8 W. 
At Scilly, in the Sound, Scar- 
burgh, and at Staples, N E & E, 


and SWS W. 


At Seven Iſles, . the 


By Haven, in the Broad Sound, E. 


NE, and WS W. 


At the Mouth of Severn, be- 


tween Sc/ly and the Lizard, at 
the Spurn and Stackton, E 6 N, 
and W 6S, 
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Without Sc///y, in the Chan- 
nel, and Salcomb, E and W. 
At vedmouth, and at the Start, 
E bS, and W þ N. | 
OF the Szart in the Channel, | 


E 8 E, and WNW. 


Within che Seyn, and before 
Shelterg, and at Seven Clifts, 


| SE, and N W. 


At Shoreham, 8 E þ S, and 
N.W-4&.N.- 


At Seyn Head, SSE, and N 
N W. 


T. 
Within Tervere, N & E, and 


| $6 W. 


Before Terwere, before the 
River of Thames, and at Tin- 
mouth, NNE, and SS W. 

Before the Tres, and Tinmouth, 
before the Bay of Tinmouth, N 
E, and S, W. 

At the Clifts of the Texel, 


E NE, and WS W. 


In Terbay, and before the 


Texel, E and W. 


In the Road of the Text, E 


S E, WN W. 


At Torgou, 8 E 5 8, and N 
WN. 
U. 


Before Ure/, N and 8. 
At Ce, N E, and S W. 
Between U/harnt, and the 
Main NE E, and S WSW. 
t Vallery, S S E, and N N 
W. 


At Winchelſca, N E, and 
Sb W. 

At the Weilings, and from the 
Weſt End of the I 76015 NN E, 
and 8 8 W. 


bi Vs 


Before 
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Before the Weilings, N E ZN, At the Eaſt End of V bt, 
and 8 W S. and on Wierington Flats, E, 
1 n bitly, N E, and SW. ane * W. 

In the Sea of Wales, and Se- | 
vern, E NE, and WS W. F. 

In Wales, EbN, and W 8. Before Y; armouth, NN E, and 

At Wells, at Weymouth, and | SS W. 


at Waterford, E and W. | At Youghall, E NE, and W 
At Weymouth Key, E bs, and SW. 
WIN. At Yarmouth, SE 5 E, and 


At the Neſs, by Ir zeringhen, N Wb W. 
at Winterton, ES E, and WN In Yarmouth Road, in Yar- 


W. „„ mouth Haden, SSE, and NNW. 
Thwart the /e of Wight, in . „ 
the Channel, all within the e 


We of Wight, between the Je] On the Coaſt of Zealand, N 
of Wight, and Beachy, by NE, and SS W. 
the . 8 E E, and N W | In the Liereck Sea, N E, and 


40. By knowing the Point of the Compaſs, the 
Moon is on when it is high Water at any Place, we 
know by Art. 38. the Time ſhe takes to move from 
the Meridian to that Point; and ſince we can find 
by Art. 29. the Time of the Moon's coming on the 
Meridian any Day; therefore to find the Time of 
high Water at any Place, and on any Day, we 
have this Rule, viz. To the Hours and Minutes 
of the Moon's Southing (found by Art. 29.), add the 
Hours and Minutes anſwering to the Point of Flow- 
ing (found from the Table of Art. 38.), the Sum 
is the Time of full Sea required; counting from 
Noon or Midnight. 
Example. Required the Time of high Water at 
Briſtol Key, on the ſeventh of May 1757. 

Firſt, By Art. 29. 1 find the Moon comes on the 
Meridian that Hayy 12 Minutes paſt 3 in the Morning, 
then becauſe by the Table in the laſt Article, the 
Moon muſt be on the ES, or WN Point of 
the Compaſs before it be high Water at Briſtol, and 
ſince by the Table at . 38. ſhe takes 6 Hours 
N L. 45 Minutes, 
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45 Minutes in moving from the Meridian to either of 
theſe Points; therefore to the 3 Hours 12 Minutes 
before found, I add 6 Hours 45 Minutes, and the 
Sum is 9 Hours 57 Minutes in the Morning, the 
Time of full Sea at Briſtol, for the Day propoſed, 
which is alſo the Time at Night, when it is full Sea 
again, that Day. 


SECT. YL 


Conch erming the 1 os and Compaſs. 


HE Method commonly made uſe of for 

meaſuring the Ship's Way at Sea, or how far 
ſhe runs in a given Space of Time, is by the * 

and Half "Minute Gloſs. | 

2. The Log is a flat Piece of Wood, in Shape 

like a Flounder, having a Piece of Lead faſtened 

to it's Bottom, which makes it ſtand or ſwim up- 

right in the Water; to this Log is tied or faſtened a 

long Line, which is called the Log-Line; and this is 

commonly divided into certain Spaces, each of which 

is, or ought to be, ſuch a proportional Part of a nau- 

tical Mile (6o of which make a Degree of a great 

Circle on the Earth) as half a Minute (the Time 
allowed for the Experiment) is of an Hour, _ 

. Theſe Spaces are called Kzots, becauſe at the 

5 End of each of them, there is a Piece of Twine with 

Knots in it, inreeved between the Strands of the 

Line, which ſhews how many oi theſe Spaces or 

Knots, are run out during the half Minute. They 

16 commomly commence or begin to be counted, at the 

it Diſtance of about 10 Fathom, or 60 Feet from the 
. Log; that ſo the Leg, when it is hove over Board, 

ny. be out of the — * 1 the Py s Wake before 
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they begin to count, and for the more ready Diſco- 
very of this Point of Commencement, there is com- 
monly | faſtened at it a Piece of red Rag. 

The Log being thus prepared, "and hove over 
Board from the Poop, and the Line veered out (by 
the Help of a Reel, than turns eaſily, and about which 
it is wound) as faſt as the Log will carry it away, or 
rather as the Ship ſails from it, will ſhew, according 
to the Time of veering, how far the Ship has run 
in a given Time; and conſequently her Rate of 
ſailing. 

5A Degree of a Meridian, which is a great 
Circle on the Earth, according to the exacteſt 
Meaſures, contains about 69.545 Engliſh Miles; 
and each Mile, by the Statute being 5280 Feer, 
therefore a Degree of a Meridian will be about 

367200 Feet; whence the = of that, viz. a Mi- 
nute, or Nautical Mile, muſt contain 6120 ſtandard 

Feet; conſequently fince + Minute is the ++ Part 

of an Hour, and each Knot being the ſame Part 

of a Nautical Mile (by Art. 2.) it tollows, that each 

| Knot will contain the 4 Part of 0120 Teer, viz 55 
ee. 

6. Hence it is evident; that hates TIES 3 of 
' Knots the Ship runs in half a Minute, the ſame Num- 
ber of Miles ſhe will run in one Hour; ſuppoſing 
her to run with the ſame Degree of Velocity during, 
that Time; and therelore it is the general Way to 
heave the Log every Hour, to know her Rate of 
Sailing; but if the Force or Direction of the Wind 
vary, nd not continue the ſame during the whole 
Hour, or if there has been more Sail for,” or any Sail 
handed, that ſo the Ship has run ſwifter or ſlower in 
any Part of the Hour, than ſhe did at the Time of 
heaving the Log ; then there muſt be an Allowance 
made accordingly for it, and this muſt be according 
to the Diſcretion of the Artiſt. 


| _ 7. Some- 
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7. Sometimes when the Ship is before the Wind, 

and there is a great Sea ſetting after her, it will 
bring home the Log, and conſequently the Ship 
will fail fafter than is given by the Lag. In this 
Caſe it is uſual, it there be a very great Sea, to 
allow one Mile in ten, and leſs in Proportion, it 
the Sea be not ſo great. But for the generality, 
the Ship's Way is really greater than that given 
by the Log; and therefore in order to have the 
Reckoning rather before than behind the Ship, 
(which is the ſafeſt Way) it will be proper to make 
the Space on the Log-Line between Knot and Knot, 
to conſiſt of 30 Feet inſtead of 51. Some, upon 
the Suppoſition that 60 Miles make a Degree on 
the Meridian, make the Diſtance between Knot 
and Knot 42 Feet; when at the ſame time, by 
common Experience they are obliged to leſſen the 
Half. Minute- Claſs by near 6 Seconds, making it to 

run only 24 Seconds nearly; which Fwy 18 cor- 

| recting one Miſtake by another. 

8. If the Space between Knot and Knot on the 
Log-Line, ſhould happen to be too great in Pro- 
portion to the Half-Minute-Glaſs, viz. greater than 
50 Feet; then the Diſtance given by the Log, will 
be too ſhort, and if that Space be too ſmall, then 
the Diſtance run (given by the Leg) will be too 
great; therefore to find the true Diſtance run in 
either Caſe, having meaſured the Diſtance between 
Knot and Knot, we have the following Proportion, 
VIZ, 

As the true Diſtance 30 Feet, is to the meaſured 
| Diſtance, ſo are the Miles of Diſtance given by the 
Log, to the true Diſtance in Miles that the Ship has 

run. 

Example 1. Suppoſe a Ship runs at the Rate of 6: L 
Knots in half a Minute, but meaſuring the Space be- 
tween Knot and Knot, I find it to be 56 Feet; Re- 
quired the true Diſtance 1 in Miles, 
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Making it as 5o Feet, is to 56 Feet, ſa is 6.25 
Knots to 7 Knots, I find that the true Rate of failing i is 
7 Miles in the Hour. | 

Example 2. Suppoſe a Ship runs at the Rate of 6 2 [A 
| Knots in half a Minute, but meaſuring the Space 
between Nuot and Knot, I find it to be only 44 Feet: 
Required the true Rate of ſailing. 

Making it as 50 Feel, is to 44 "Feet, ſo is 6.5 Knots 
to 5.72 Knots; I find that the true Rate of failing 1 is 
672 Miles in the Hour. 
9. Again, ſuppoſing the Diſtance between Knot and 
Knot on the Log-Line to be exactly 50 Feet, but that 
the Glaſs is not 30 Seconds; then if the Glaſs require 
longer Time to run than 30 Seconds, the Diſtance 
given will be too great, if eſtimated by allowing 1 
Mile for every Knot run, in the Time the Glaſs runs; 
and, on the contrary, if the Glaſs requires leſs Time 
to run than 30 Seconds, it will give the Diſtance 
ſailed too ſmall. Conſequently to find the true 
Diſtance in either Caſe, we muſt meaſure the Time 
the Glaſs requires to run out (by the Method in the 
following Article) and then we tal have the follow- 
ing Proportion, viz. 
As the Number of Seconds the Glaſs runs, is to 
half a Minute, or 30 Seconds, ſo is the Diſtance 
given by the Log, to the true Diſtance. 

Example 1. Suppoſe a Ship runs at the Rate of 3 

Kiuots in the Time the Glaſs runs, but meaſuring the 
Glaſs, I find it runs 34 Seconds: Required the true 
Diftance ſailed. 

Making it as 34 Seconds, is to 20 Seconds, ſo is 

7.65 to 6. « # I find that the Ship ſails at the Rate of 

6.6 Miles an Hour. 

Example 2. Suppoſe a Ship runs at the Rate 1 
6 2 Knots, but meaſuring the 6/ , I find it runs 
only 245 Seconds: Required the true Rate of fail- 


ing. 
L 3 MA Making 
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Making it as 25 Seconds, is to 30 Seconds, ſo is 6.5 
Knots, to 7.8 Knots, I find that the true Rate of ſail- 
ing is 7.8 Miles an Hour. 

10. In order to know how many Seconds the 

. Glaſs runs, you may try it by a Watch or Clock, 
that vibrates Seconds; but it neither of theſe be 
at Hand, then take a Line, and to the one End 
faſtening a Plummet, hang the other upon a Nail 
or Peg, ſo as the Diſtance irom the Peg to the 
Center of the Plummet be 39 - Inches: Then this 
put into Motion will vibrate Seconds, i. e. every 
Time it paſſes the Perpendicular you are to count 
one Second; conſequently by obſerving the Num- 
Her 6 Vibrations that it makes during the Time the 
Glaſs is running, we know how Many Seconds the 
Glaſs runs. 

11. If there be an Error both in the Log-Line and 

Helf-Minute-Glaſs, viz. it the Diſtance between Knet 
and Knot on the Log-Line, be either greater or leſs 
than 50 Feet, and the Glaſs runs either more or leſs 
than 20 Seconds, then the finding of the Ship's true 
Diſtance will be fornewliat more COTE, and 
admit of three Caſes, viz. 
Caſe 1. If the Gloſs runs more than 30 Seconds, 
and the Diſtance between Ko? and Knot be leſs 
than 50 Feet, then the Diftance given by the Log- 
Line, viz. by allowing 1 Mile for each Knot the 
Ship ſails while the Gloſs is running, will always be 
greater than the true Diſtance ; fince cither of 
_ theſe Errors give the Diſtance too great. Conſe- 
quently to find the true rate of ſailing, in-this Caſe, 
we mult firſt find (by Art. 8.) the Diſtance, on the 
Suppoſition that hy Log- Line is only wrong, and 
then with this (by Art. 9.) we fhall find the true 
Diſtance. 
Example. Suppoſe a Ship is found to run at the 
Rate of 6 Nuots; but examining the Glaſs, I find 
it runs 35 Seconds, and meaſuring the Log-Line, 1 


find 
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find the Diſtance between Kue, and Knot to be but 
46 Feet: Required the true Diſtance run, 

Firſt, By Art. 8. we have the following nde 
viz. As 50 Feet: 46 Feet :: 6 Knots : 5.52 Knots, 
Then by Art. 9. As 35 Seconds : 30 Seconds :: 5.52 
Knots : 4-753 Knots, Conſequently the true rate of 
failing is 4.73 Miles an Hour. 5 

Caſe 2. It the Glaſs be leſs than 30 Sreonds, and 
the ace between Knot and Knot be more than 50 
Feet; then the Diſtance given by the Log, will al⸗ 
ways be leſs than the true Diſtance, ſince Either of 
theſe Errors leſſen the true Diſtance. 

Example. Suppole a Ship is found to run at the 
Rate of 7 Knots, but examining the 6/½, I find it 
runs only 25 Seconds, and meaſuring the Space be- 
tween, Kot and Kuot on the Log- Line, | find it is 34 
Feet: Required the true rate of ſailing. l 

Firſt, By Art. g. As 25 Seconds : 30 Seconds :: 
7 Knots : $ 4 Knots, Then by Art. 8. As 50' Feet + 
54 beet : : 8.4 Knots : 9.072 Knots, Conſequently the . 
true rate of ſailing is 9.072 Miles an Hour, 

Caſe 3. If the Glaſs runs more than 30 Seconds, 
and — Space between Knot and R be greater 
than 30 Feet, or if the Glaſs runs leſs than 30 Se- 
conds, and the Space between Knot and Knot be 
leſs than 50 Feet; then ſince in either of theſe two 
Caſes the Effects of the Errors are contrary, tis 
plain the Diſtance will ſometimes be too great, and 
ſometimes too little, according as the greater Quan- 
tity of the Error lies; as will be evident from the 
following Examples. 

Example 1. Suppoſe a Ship is ; found to run at 
the Rate of 9 + Krnvs per Glaſs, but examining the 
Glaſs, it is found to run 26 Seconds, and by mea- 
luring the Space between Kot and Knot, -it is 
found to be 58 Feet: | Required the true rate of 
ailing, 


4 
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Firſt, By Art. 8. As 50 Feet : 58 Feet :: 9.5 
| Knots: 11.02 Knots. Then by Art. 9. As 38 Se- 
conds: 30 Seconds :: 11.02 Knots : 8.7 Knots, Con- 
ny x9 the Ship's true rate of failing is 8. 7 Miles 

n Hour. | 
Example 2. Suppoſe a Ship runs at the Rate of 
6 Knots per Glaſs; but examining the Glaſs, it is 
found to run only 20 Seconds, and by meaſuring the 
Log-Line, the Diſtance between Knot and Knot is 
found to be but 38 Feet: Required the true Rate of 
failing. 8 1 555 1 
Firſt, By Art. 8. As go: Fett: 38 Feet :: 6 
Knots : 4.56 Knots, Then by Art. 9. As 20 Se- 
conds : 30 Seconds : : 4.56 Knots : 6.84 Kits. Con- 
ſequently the true rat of ſailing is 6.84 Mules an 
Hour. 
But if in this Cale it t happen, that the Time the 
Glaſs takes to run, be to the Diſtance between Knot 
and Knot, as 30, the Seconds in half a Minute, is 
to 50, the true Diſtance between Knot and Knot ; 
then *tis plain, that whatever Number of Seconds 
the G/aſs conſiſts of, and whatever Number of Feet 
is contained between Knot and Knot ; yet the Diſtance 
given by the Le: Line, will be the true Diſtance 1 in 
Miles. . 

12. Though the Method of meaſuring the Ship's 
Way by the Leg- Line, deſcribed in the foregoing 
Articles, be that which is now commonly made 
uſe of; yet it is ſubject to ſeveral Errors, and 
theſe pretty conſiderable. For firſt, the Half Minute 
or Quarter-Nlinute- Glaſſes (by which, and the Log, 
the Ship's Way is 8 are ſeldom or never 
true, becauſe dry and wet Weather have a great 
Influence on them; ſo that at one Time they may 
run more, and at another Time fewer than 30 
Seconds, and *tis evident that a {mall Error in the 
Glaſs, will cauſe a ſenſible one in the Ship's Way, 


Pagan, the chief "EY of the Top is to have 
it 
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it ſwim upright, or perpendicular to the Horizon? 
but this is too often wanting in Logs, becauſe few 
Seamen examine whether it is To or not, and general- 
ly take it upon Truſt, being fatisfied, . it weigh a 

little more at the Stern than the Head; and trom 
this there flows an Error in the Reckoning, for if 
the Log does not ſwim upright, it will not hold 
Water, nor remain ſteady in the Place where it 
is heaved, ſince the leaſt Check of the Hand, in 
veering the Line will make it come up ſeveral 
Feet; this repeated will make the Errors become 
Fathoms, and perhaps Knots, which how inſignificant 
ſoever they appear, are Miles and Parts ot Miles, 
and amount to a good Deal in a long Voyage. 
Another Inconvenience attending the Log-Line is 
it's ſtretching and ſhrinking ; for when a new Line 
is firſt uſed, let it be ever ſo well ſtretched upon 
the Deck, and meaſured as true as poſſible, yet 
after wetting it ſhrinks conſiderably; and conſe- 
quently to be the better aſſured of the Ship's Way 
by the Log-Line, we ought to meaſure and alter 
the Knots on it every Time before we uſe it; but 
this is ſeldom done ofter than once a Week, and 
ſometimes not above once or twice in a whole 
Voyage; alſo when the Line is meaſured to it's 
greateſt Degree of ſhrinking, it is generally leſt 
there ; and when by much Uſe, it comes to ſtretch 
again it is ſeldom or never mended, though it will 
ſtretch beyond what it firſt ſhrunk. Theſe and 
many other Errors, too well known, attendin 
that Method of meaſuring the Ship's Way by the 
Loeg- Line, plainly anſwers for a great many Errors 
committed in Reckonings. So *tis to be wiſhed that 
either this Method were improved or amended, or 
that ſome other Method, leis ſubject to Error, were 
found out. There was a Machine ſome time ago 
invented by Mr Henry de Saumarez, of the Iſland of 
Cuernſ⸗ y, for meaſuring the Ship's Way, called the 


Marine 
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| Marine Surveyor ; which is indeed leſs ſubject to 
Error than the Log-Line, and was found by ſeveral 


Experiments to anſwer the End much more exactly 
than the-Log-Line; a Deſcription of which may be 


leen in the Philoſophical Tranſactions of the Royal 
Society, Vol. xxxiti. for the Months of November and 


December 1725 ; and alſo in thoſe for the Months 


of March and 8 a 1720, and for March and April 
e 


13. It was faid at Art. 21. Selt. Ul. that the Me- 


. ridian and Prime Vertical of any Place cuts the Ho- 
rizon in 4 Points, at go Degrees Diftance from 
one another, ig., the North, South, Eaſt, and Weſt ; 
that Part of the Meridian which extends itſelf from 
the Place to the North Point of the Horizon, is called 
the North Line; that which tends to the South Point 
of the Horizon, is called the South Line; and that 
Part of the Prime Vertical which extends towards 
the right Hand of the Obſerver, when his Face is 
turned to the North, is called the Eaſt Line; and 
_ laſtly, that Part of the Prime Vertical which tends 
towards the left Hand, is called the Veſt Line; the 
four Points in which theſe Lines meet the Horizon, 
are called the Cardinal Points. 

14. In order to determine the Courſe of the Winds, 


and to diſcover their various Alterations or Shift- 


ings; each Quadrant of the Horizon intercepted be- 
tween the Meridion and Prime Vertical, is uſually 
divided into eight equal Parts, and conſequently the 


whole Horigon into thirty-two; and the Lines drawn 


from the Place on which the Obſerver ſtandeth, to 
the Points of Diviſion in his Horizon, are called 
Rumb Lines, the four principal of which are thoſe 
deſcribed in the preceding Article, each of them 


having it's Name from the Cardinal Point in the Ho- 


71204 towards which it tends; the reſt of the Rumb 
Lines have mieir Names compounded of the principal 
Lines 
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Lines on each Side of them, as in the following Fi- 


gure; and over which- ſoever of theſe Lines the 
Courſe of the Wind is directed, that Wind takes It's 
6. accordingly. 

. The Inſtrument commonly 161 at Sea for 
are ding the Ship's Way, is called the Mariner's 
Compaſs; which conſiſts of a Card and two Boxes. 
The Card is a Circle made to repreſent the Horizon, 
whoſe Circumference is quartered and divided 1n- 


to Degrees, and alſo into thirty-two equal Parts, 
by Lines drawn from the Centre to the 1 ö 


Points of Diviſion, called Points of the Compaſs. 
the back Side of the Card, and juſt below the 13 
and North Line, is fixed a Stcel Needle, with a Braſs 
Cupola, or hollow Center in the middle, which is 
placed upon the End of a fine Pin, upon which the 
Card may eaſily turn about; the Needle is touched 
with a Load-Stone, by which a certain Virtue is infuſed 
into it, that makes it (and conſequently the Soutb 
and North Line on the Card, above it) hang nearly 
in the Plain of the Meridian, by which means the 
South and North Lines on the Card produced, would 
meet the Herizon in the South and North Points; 


and conſequently all the other Lines on the Card 


produced would meet the Horizon in the reipecive 
Points. 

16, The Card 1s repreſetncd in the annexed 
Scheme, in which you may obſerve, . that the ca- 
pital Letters N, S, E, W, denote the four Cardinal 


Points, viz. N the North, S the South, Cc. and 


the ſmall Letter & ſignifies the Word /e the Rumbs 
in the middle between any two of the Cardinals, 
are expreſſed by the Letters denoting theſe Car- 


dinals, that which denotes the Point lying in the 
Meridian having the Precedence ; thus the Rumb 


in the middle between the North and Eaſt is ex- 
preſſed N E, which is to be read North Loft, 
5 alſo 


* A 8 —— —0 2 
S EE  m_ . 
r S r 2 ——ů—ͤ— ↄ mnñ. 
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alſo S W denotes the South Weſt Rumb, &c. the 
other Rumbs are expreſſed according to their 


VI 
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D 
— 
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— 
= 
= 
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WT 


/ 


gry 


| 


Situation with reſpe& to theſe middle Rumbs, 
and the neareſt Cardinals, as is plain from the an- 
nexed Scheme. 1 N BS. 

| 12 The 
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17. The Card is put into a round Box, made for 
it, having a Pin erected in the middle, upon which 
the hollow Center of the Needle is fixed, ſo that the 
Card may lie horizontal, and eaſily vibrate accord- 
ing to Motion of the Needle; the Box is covered 
over with a ſmooth Glaſs, and is hung in a braſs 


Hoop upon two cylindrical Pins, diametrically op- 


poſite to one another, and this Hoop is hung within 
another braſs Circle, upon two Pins at right Angles 


with the former. Theſe two Circles, and the Box, 
are placed in another ſquare wooden Box, ſo that 
the innermoſt Box, and conſequently the Card, 


| may keep horizontal which Way ſoever the Ship 
„ 


18. Since the Meridians do all meet at the Poles, 


| and there form certain Angles with one another; 
and fince if we move never ſo little towards the 


Eaſt or Weſt, from one Place to another, we there- 
by change our Meridian, and in every Place the 


Eaſt and e Line being perpendicular to the 
Meridian; it follows, that the Eaſt and Weſt Line 


in the firſt Place, will not coincide with the Eaft 
and Weſt Line in the ſecond, but be inclined to it, 


at a certain Angle: and conſequently all the other 


Rumb Lines at each Place, will be inclined to each 
other, they always forming the ſame Angles with 
the Meridian. Hence it follows that all Rumbs, 
except the four Cardinals, muſt be Curves or Heli- 
ſpherical Lines, always tending towards the Pole, 
and approaching it by infinite Gyrations or Turn- 
ings, but never falling into it. Thus let P be the 
Pole, E Q an Arch "of the Equator, PE, P A, 

Sc. Meridians, and EFG HK L any Rumb; 

then becauſe the Angles PE F, PF G, Sc. are by 
the Nature of the Rumb Line equal, it is evident that 


It will form a curve Line on the Surface of the 


Globe, always n the Pole P, but never 


falling 
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falling into it; for if it were poſſible for it to fa! 
into the Pole; then it would follow, that the fame 


| 

1 

1 

i 

= -- Line could cut an infinite Number of other Lines at 
i _ equal Angles, in the ſame Point; which is abſurd. 
i= 109. Becaule there are 32 Rumbs (or Points in the 
i Compaſs) equally diſtant from one another, therefore 
1 the Angle contained between any two of them adja- 
[| cent, will be 11®, 15, viz. r Part of 3600; and 
| 6 ſo the Angle contained between the Meridian and the 
1 NE, will be 119, 15, and between the Meridian 
4 and theNNE, will be 220, 30/, and fo of the reſt, 
RS as in the following Table. 8 
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A Table of the Angles which every + Point of the Compaſs 


makes with the Meridian. 


$21 North Fort 


Points. P. I Nerth | South 
1 jo: oof. | 
i OW) 08 37 
1 4 26 
[N4E] S4E[] i III 1I5I NEWS 
1 t 2 14 84 3 
| n 
| 7K 4 19 41 * | 
NNE{fSSE | 2 22 3o|NNW[SSW|]| 
* 2. 25 19 
2 128 9% 
1 „„„FCÜÜ· 
NE4NI|SESS| z 33 45% N WEN ISW 38 
5 3 2 36 34 — Þ 
3 439. 24 1 1 © 
5 . 3 4 42 TI | [ 
NE SE | 4 45 oo NW | SW | 


l 8 
Kees 4 3 88 37 | 
I 5 P07 4 * 5 
NEZEjSEZE|]| 5 56 f NW EW S WSW. 
| 5 4 |59 04 
| 5 i 52 
5 + [04 42 
IENE|ESE| 6 6 2o|WNW|[WSW 
5 6 42 70 19 8 | 
| | 0.x 173. 07 | 
| 6.2 [75 59]. | 
EVN EES 7 78 AWN TWS 
| ” 2 181 34 
7 * 84 22 
| 9. + 185-11 
T- : Laſt. 8 Jo oo Wi | 
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5 . 


SECT. VI. 
of Plain Sailing. 


\H1S Method of Sailing, ſuppoſes the 

Earth to be a Plain, and the Meridian, 
parallel to one another; and likewiſe the Parallels 
of Latitude at equal Diſtance from one another, 
as they really are upon the Globe. Though this 
Method be in itſelf evidently falſe; yet in a ſhort | 
Run, and eſpecially near the Equator, an Account 
of the Ship's Way, ny be kept by it tolerabl) 
well. 

2. The Angle formed by the Meridian and Rumb, 
that a Ship fails upon, is called the Ship's Ceurſe. 
Thus if a Ship fails on the NN E Rumb, then her 

Courſe will be 229, zo“, and ſo of others. 
3. The Diſtance between two Places lying on the 
ſame Parallel counted in Miles of the Equator, or the 
Diſtance of one Place from the Meridian of another, 
counted as above, on the Parallel paſſing over that 
Place, is called Meridional Diſtance; which in Plain 
Sailing, goes under the Name of Departure. 
4. Let A denote a certain Point on the Earth's 
Surface, A C it's Meridian, and A D the Parallel 
of Latitude paſſing through it; and ſuppoſe a Ship to 
{ail from A on the NN E Rumb *till ſhe arrive 
at B; and through B draw the Meridian BD (which 
according to the Principles of Plain Sailing, muſt 
be parallel to C A) and the Parallel of Latitude 
B C; then the Length of AB, viz. how far the 
Ship has ſailed upon the NN E Rumb, is called 
her Diſtance; AC or BD will be her Difference of 
Latitude, or Northing, CB will be her Departure, 
or Eaſting, and the : Angle CAB will be the Here 

| ence 
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Hence it is plain, that the Diſtance failed, will always 
be greater than either the Difference of Latitude, or 
Departure, it being the Hypothenuſe of a right- angled 
Triangle, whereof the other two are the Legs; except 
the Ship fails either on a Meridian, or a Parallel of 


No 


4 


. Lat 


{ 


— 


Latitude; for if the Ship fails on a Meridian, then it 
is plain, that her Diſtance will be juſt equal to her 
Difference of Latitude, and ſhe will have no Departure; 
but if ſhe ſail on a Parallel, then her Diſtance will be 
the ſame with her Departure, and ſhe will have no 
_ Difference of Latitude. It is evident alſo from the 
Scheme, that if the Courſe be leſs than 4 Points, or 
45 Degrees, it's Complement, viz. the other Oblique 
Angle, will be greater than 45 Degrees, and ſo the 
| Difference of Latitude will be greater than the Depar- 


ture, but it the Courſe be greater than 4 Points, then 


the Difference of Latitude will be leſs than the Depar- 
ture; and, laſfly, if the Courſe be juſt 4 Points, the 
Difference of Latitude will be equal to the Departure. 
5. Since the Diſtance, Difference of Latitude, 
and Departure, form a right-angled Triangle, in 
7 DO VV 
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which the Oblique Angle oppoſite to the Departure is 
the Courſe, and the other it's Complement ; therefore 
having any two of theſe given, we can (by Seck. 2.) 
find the reſt; and hence ariſe the Caſes "ue Plain Sailing, 
which are as follow. 


CASE . 


Courſe and Diſtance given, to find Difference of Lali. 
tude and Departare. 


an 


' Suppoſe a Ship fails from the Latitude of 300, 
25 North, NN E, 32 Miles. Required the Diffe- 
rence of Latitude and 1 and the Latitude 
come tO. 


The Geometrical Conſtruction of this Cale. is 
the ſame as in Caſe 3. of e T; ng, 


eee bo 


the fame Things being given in beth; 0 from 
it we have the following Analogy, tor finding the 
Departure, viz. 


%%% = K ˙ - = 2600000 
is to the Diſtance A 0 32 1.50515 
. 4 ſo 
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ſo is the Sine of the Courſe A 220, 30 - 9.58284 


to the Departure BCC < 12.25 = 1.08799 


ſo the Ship has made 12.25 Miles of Departure 
Eaſterly, or has got ſo far to the Eaſtward of her 


Meridian. Then for the Difference of Latitude, or 


Northing, the Ship has made, we have, by Caſe 3. * 


of Refiangular T hs ns the . Analogy, 
viz. 


As BY „„ >» Re: 


is to the Diſtance AC „ 32ͤ 14.5036 
ſo is the Co- ſine of Courſe A - 22, . - 9.96562 


to the Difterence of Lat. AB - 29.57 1.4707 
ſo the Ship has differed her td or made f 


Northing 29.57 Minutes. 


And ſince her former Latitude was North, and her 


Difference of Latitude alſo North. Therefore, 


To the Latitude failed from - - 3o®, 25 N. 
add the Difference of Latitude - O00, 22 37 


and the Sum is the Lat. come to 20 R 54 57 N. 


By this caſe is deleted the Table of Difference 


of Latitude, and Departure, to every Degree, Point, 
and quarter Point of the Compaſs ; for the Diſtance 


from 1 to 100 Miles, at the end of this Section; the 


Uſe of which ſhall be there explained, 
"CASE „ 


Courſe and Difference of Latitude given, to find Di- 


tance and Departure. 
| Exanple. 


Suppoſe a Ship in the Latitude of 45% 25 


North, fails NEUN alk till ſhe come to 
M 2 — 
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the Latitude of 46, 55 North. Required the bi. 
ſtance and Departure made good upon that Courſe. 


Since both Latitudes are Northerly, and the Courſe 
alſo Northerly. Therefore, 


From the Latitude come to „460, 55 
ſubtract the Latitude failed Hon ---:- --48 3 $5 
and there remains 01, 30 


— 


— 


the Difference 1 Latitude, equal to 90 Miles 


The Goametelenl Conſtruction of this Caſe, 15 the 
fans with that of Caſe 1. of Rectangular Trigonometry, 


O 
2 
S 
— 
8 88 
Sg 


and by it we have the following Analogy, for finding 
the er B D, viz. 


As Radius - - - - = = 10.00000 
is to the Diff. of Latitude A B - 90 - 1.95424 
ſo is the Tangent of Courſe A - 399, 22! 9.91404 
to the Departure BD - - < 73.84 1.86828 
1o the Ship has got 73.84 Miles to the Eaſtward of 
her former Meridian. 


Again, 
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A, ſor the Diſtance A D, we have by Caſe 2. 


of Rectangular J. rigonometry, the following Proportion, 


VIZ. 


As Radius = nf: iS. 168800 


is to the Secant of the Courſe 390 , 22! 10. 11176 


ſo is the Difference of Latitude AB go - 1.95424 


to the Diſtance AD - - + 116.4 - 2.06600 


CA SE 3. 


Difference of Latitude and Diſtance given, to find 
Courſe and Departure. 


- Example. 
Suppoſe a Ship fails from the Latitude of 569 „50 


North, on a Rhomb between South and Weſt, 126 
Miles, and ſhe is then found by Obſervation to be 


in the Latitude of 559, 4o' North. Required the 
Courſe ſhe failed on, and her Departure from the 
Meridian. 


Since the n are both North, and the Ship 


ling towards the Equator. I herefore, 


From the Latitude failed from - - 56%, 50 


ſubtract the obſerved Latitude 55 # - 


—— 


and the Remainder V 7 10 
equal to 70 Miles, is the Difference of Latitude. 


M 3 This 
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This Caſe is conſtructed the ſame Way as Cafe 5. 
of Rectangular Trigonomeiry, and by it we have the 


704 +8 


following Proportion for finding the Angle of the 
Courſe F, VIZ. = 


As the Diſtance failed DF - 126 - 2.10037 

Is to Rahe 16000000 
ſo is the Diff. of Latitude FE 750 - 1.84510 

to the Co-ſine of the Courſe F 56*, 15' 9.74473 
which, becauſe ſhe fails between South and Weſt, 
will be South 569, 15! Weſt, or SW 4 W. Then 
for the Departure, we have by Caſe 3. of Refangular 
Trigonometry, the following Proportion, viz. 


As Radiuuun ss Ic. ooooo 
is to the Diſtance failed DF - 126 - 2.10037 

ſo is the Sine of the Courſe F - 569, 157 9.91985 

to the Departure DE - 104.8 2.02022 


conſequently ſhe has made 104.8 Miles of Departure 
Weiter. 1 " . 


CASE 
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CASE A. 


Difference of Latitude and Departure gi ven, to find 
Courſe and Diſtance. 


Example. 


Suppoſe a Ship fails from the Latitude of 449, 50 
North, between South and Eaſt, *till ſhe has made 
| 64 Miles of Faſting, and is then found by Obſervation 
do be in the Latitude of 42, 56/ North. Roquared 
the Courſe and Diſtance made good. 


Since the Latitudes are both North, and the Ship 


failing towards the Equator. Therefore, 


From the Latitude failed from - - 449, 500 N. 
take the Latitude come to - — 42, 56 


and there remains 5 OI > 54 


equal to 114 Miles, the Difference of Latitude or 
Southing. | 


This Caſe is conſtructed the ſame Way as Caſe 4. 
1 Rectangular J. 8 and * it we have the 


. 


- & 
South 4 


following proportion to find the Courſe KG L, VIZ. 
M4 As 
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As the Diff. of Latitude GK has - .. 205690 
is to Radius - - - - =  Fo.00000 
ſo is the Departure K . — 64 - - 1.80618 
to the Tangent of Courſe G 299, 197 - 9.74928 
which becauſe the Ship i is failing between South and 
Eaſt, will be South 29% 19 Eaft, or 88S EA r Eaſt 
nearly. | 


Then for the Diſtance, we ſhall have by Caſe 2. 
of Rectangular T. rigonometry, the following Analog 855 
vir. 


As Redius * = = 10.00000 
is to the Diff. of Latitude G K 114 - - 2.05690 
ſo is the Secant of the Courſe - 297, 19“ 10.05952 
to the Diſtance GL - - - 130.8 - 2. 11642 
conſequently the Ship has failed on a 8 8 EA Eaſt 
Courſe 1908 Miles, 


CASE 5. 


Diſtance and Datos given, to fud Courſe and 
Difference of Latitude, 


E ranple. 


Suppoſ a Ship at Sea, ſails from the Lads of 
342, 24. North, between North and Weſt 124 Miles, 
and is found to have made of Weſting 96 Miles. 
» Required the Courſe ſteered, and the Difference of 
Latitude or None: made good. 


This 
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This Caſe is conſtructed the ſame Way as Caſe 5. 
of Reftangular Trigonometry, and by it we have tha 


- ET 
| WW 
| SH 
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S 
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WW 


following Proportion for finding the Courſe AD B, 


As the Diſtance "7 - DOS 124 . 2.09342 


is to Radius - - 10. 00000 
ſo is the Departure A B - % „ O 102450 
to the Sine of the Courſe D 439, 54 > 9.84108 


ſo the Ship's Courſe is North 430, 54 Weſt, or 
NW CNE Weſt nearly. 


Then for the Difference of Latitude, we have by 
| Caſe 3. of Reftangular Trigonometry, the tollowing 
| Analogy, VE. 


As Radius - - - - 10.000000 

15 to the Diſtance Ab _— 124 — 2.09342 

ſo is the Co- ſine of the Courſe 43, 344 - 9.85766 

to the. Diff. of Latitude BD 89.33 - 1.95108 

which is equal to 1 Degree, and 29 Minutes Howe 
| ence 
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Hence to find the Latitude the Ship is in, ſince both 


Latitudes are North, and the Ship ſailing from the 
Equator, Therefore, 


To the Latitude failed 5 5 5 3 24" 
add the Difference of Latitude - - 15 29 


the Sum is — = 435 33 
the Latitude the Ship is in North. 
CASHS: 6: 
Courſe and Departure given, to find Diſtance and 
Difference of Latitude. : 
e 


Suppoſe a Ship at Sea, in the Latitude of 240, 
South, fails SE 5 8, *till ſhe has made of Faſting 56 
Miles. Required the Diſtance and Difference of 
Latitude made good on that Courſe. 


This Caſe is projected the fame Way as Caſe . 
of Refangular Trigonometry, and by Caſe 2. we have 


1 (3 

14 . 
i 
1.5L 


x 
ke 
. 
W 


4 
OY 


4 . 


= er Canin 


Eaxtrn 1g , 
the following Pro portion for finding the Diſtance, 


vir. 
As 
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As the Sine of the Courſe G 33" » 45 9.74474 


is to the Departure H 2255 _ ” — =- 1.98227 
ſo is Radius i” - = = 10.00000 
to the Diſtance G M Er 192.8 — =- 2.23743 


Then for the Difference of Latitude, we have 
by Caſe 1. of Rectangular T. TIgonomenry, the following 


Analogy, viz. 


As the Tangent of Courſe - 33 , 4s - 9 82489 


is to the Departure HM - - 8 — 3 198227 


0 is Radius — _- 10.00000 


to the Difference of Latitude GH - 143.7 - 2.15738 


equal to 29, 24 nearly. Conſequently ſince the La- 
titude the Ship ſailed from was South, and ſhe my 


{till towards the South, 


Io the Latitude failed from - - - 249, 20/ 
| add the Difference of Latitude” - = 4 
| and the Sum „ * 1 


18 the Latitude ſhe is come to "BOY 


6. When a Ship ſtems ſeveral Courſes in 24 Hours, 
then the reducing all theſe into one, and thereby | 
finding the Courle and Diſtance made good upon 


the Whole, is commonly called the Reſolving of a 
Traverſe. 

7. At Sea they commonly begin each Day's Rec- 
koning from the Noon of that Day, and from that 


Time they ſet down all the different Courſes and 


Diſtances ſtemmed by the Ship 'till Neon next Day 


upon the Log-Board; then from theſe ſeveral Courſes 


and Diſtances had from the Compaſs and Log-Line, 
they compute the Difference of Latitude and De- 
parture for each Courſe (by Caſe 1. of Plain Sailing) 


and theſe, together with the Courſes and Diſtances, 
are ſet down in a Table called the 7raverſe Table, 

which conſiſts of five Cplumns ; in the firſt of which 
| are. 


* 
' 
l 
1 
70 
454 
1 
115 
iu 
hs 
} 
12 
'# 
; 
1% 
14 
1 
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are placed the Courſes and Diſtances, in the two 
next the Differences of Latitude belonging to theſe 
Courſes, according as they are North or South, and 
in the two laſt are placed the Departures belonging 
to theſe Courſes, according as they are Eaſt or Weſt. 
Then they ſum up all the Northings, and all the 
Southings; and taking the Difference of theſe, they 
know the Difference of Latitude made good by the 
Ship in the laſt 24 Hours, which will be North or 
South, according as the Sum of the Northings or 
Southings is greateſt; the fame Way by taking the 
Sum of all the Eaſtings, and likewiſe of all the 
Weſtings, and ſubtracting the leſſer of theſe from the 
greater, the Difference will be the Departure made 
good by the Ship laſt 24 Hours, which will be Eaſt 
or Weſt: according as the Sum of the Eaſtings is 
greater or leſs than the Sum of the Weſtings ; then 
from the Difference of Latitude and Departure made 
good by the Ship laſt 24 Hours, found as above, 
they find the true Courſe and Diſtance made good 
upon the whole (by Caſe 4. of Plain Sailing), 
as allo the Courſe and Diſtance to the intended 
Port. 5 e . 


Example. 


Suppoſe a Ship at Sea, in the Latitude of 489, 24” 

North at Noon any Day, is bound to a Port in the 

Latitude of 43®, 40' North, whoſe Departure from 
the Ship is 144 Miles Eaſt ; conſequently the direct 
Courſe and Diſtance of the Ship is S S E Eaſt 315 

Miles; but by reaſon of the ſhifting of the Winds 
ſhe is obliged to ſteer the following Courſes *till Noon 
next Day, viz. S ES 56 Miles, SS E 64 Miles, 
NW54W 48 Miles, S2 W © Weſt 54 Miles, and 
SE4S.. Eaſt 74 Miles. Required the Courſe and 
Diſtance made good the laſt 24 Hours, and the 
| | 3 F; Bearing 
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Bearing and Diſtance of the Ship trom the intended 
Port. 

The Solution of this Traverſe depends entirely on 
the 1ſt and 4th Caſes of Plain Sailing; and firſt we 

muſt (by Caſe 1.) find the Difference of Latitude and ; 
* for each Courſe. Thus, 


1 - Courſe 8 E þ 8 Diſtance 56 Miles. | 
For Departure, 


As Radius - - - - - - — 10.00000 
is to the Diſtance - - 56. - 5 „ 1.94819 
ſo is the Sine of the Courſe 335, 444 — 9.74474 
to the Departure - ii i 


For in cr of Latitude. 


/%%%%%%%%%%/% . nes 


is to the Diſtance - - _ 56 = 14.7499 
| fois the Co-ſine of the Courſe 23% 48 9. 91988 
to the Diff. of Lantude - 46.5 „„ 1.66804 


"0 Courſe 88 E and Diſtance 64 Miles. 
For Departure. | 


As Radius - sss 10 00000 
is to the Diſtance  - + - 64 1.80618 
jo is the Sine of the Courſe 229, 30 - 9.68284 
- 20 the Departure 243 1.38902 


For Difference of Latitude, 


As Radius - - - - - - < - += 10.00000 
is to the Diſtanſe „ 64  - 1.80618 
ſo is the Co- ſine of the Cant 229, 30“ - 9 96562 
to the Dfference of Latitude 59.13 - += 1.77180 


2. Courſe 
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3. Courſe N W 4 W and Diſtance 48 Miles. 
For Departure. 


5 | | As Radius - - - - - - - - = 10.00000 
10 is to the Diſtance - - 48 - 1.68124 
ſo is the Sine of the Courſe 369, 15” - 9.91985 
to the Departure - 39.91 = = 1.60109 


For Difference of Latitude. 


nn  - 


As Radius - - - - - - = _- + 10.00006 
\'F is to the Diſtanſe 45 — - 1 68124 
1 ſo is the Co- ſine of the Courſe 36° 15” - 9.74474 
1 to o the Difference of Latitude 26.67 — 1442 598 


4. Courſe 85 W : Weſt and Diſtance 54 Miles. 
For ee 


As Radius Zö;öw ien 
is to the Diſtance. - - 54 - 1.73229 
ſo is the Sine of the Courſe - = 89” » . 
to the Departure 15. 67 - © = 1.19501 


1 5 5 F or Difference of Latitude. 


5 As Radius - s 1000000 
5 is to the Diſtance - - $4. -- = 2.70239 
. ſo is the Co- ſine of the courſe 169, 52/ - 9.98090 
_—_ to the Difference of Latitude 51-67 - = 1.71329 


i 1 | "= Courſe SE b In 1 Faſt and Diſtance 74 Miles. 
11 . For Departure. 


111" As Radius - - - - - - - - = 10.,00000 
1178 is to the Diſtance - - ”%  - = 106023 
Wall ſo is the Sine of the Courſe 399, 22' 9.80228 
to the Departure - - =- 46.94 - = 1.67151 

5 . For 
| 
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For Difference of Latitude. 


As Radius of = 4p: — — — -. = * 10.00000 


is to the Diſtance - - - 4 - < 1.86923 


ſo is the Co-fine of the Courſe 39, 22' - 9.88824 
to the Difference of Latitude 57.21 - - 1.75747 


Now theſe ſeveral Courſes and Diſtances, toge- 
ther with the Differences of Latitude and Depar- 
tures deduced from them, being ſet down in their 


proper Columns in the Traverſe Table, will ſtand as 


tollow. 
Type Traverſe Table. 
| Courſes 5 Diſtances Diff. of Lat. | | Departure 125 
1 
SEAS - 56.—— 46.57 3½[— 
SSE - 64— 59.13 | 24.5 E 
NW#4W - - 48] 26.67 | 39.90% 
SR WZ Weſt 54 — 51.67 — 15.67 
S EGS Eaſt - 74 57.21 | 46.94 | — 
26.67 [214.58 102.5 5 55.58 | 
| 26.67 55.58 |—— | 
—_—_ — —— 
3 Dif. of Let. 187.91 | 46.97 Dep. 


Hence it is plain, ſince the Sum of the Northings 

is 26.67, and of the Southings 214.58, the Difference 
between theſe, viz. 187.91 will be the Southing made 
good by the Ship, the laſt 24 Hours; alſo the Sum 
of the Eaſtings being 102.55, and of the Weſtings 

55.58, the Difference 46.97 will be the Eafting or 
Departure made good by the Ship's laſt 24 Hours; 


conſequently to find the true Courſe and Diſtance 


made good by the Ship in that Time, it will be by 
Caſe 4. of Plain Sailing, ET; 5 
| | 3 


% 


1” of Plain Sailing. 


As the Difference of Latitude - gold 91 - 2.27393 
is to Radius — 10. 00000 
ſo is the Departure 46 | 67182 
to the Tangent of the Courſe - 14, 03" - 9.39789 
which is 8 E + Eaſt nearly. Then for the Diſtance 
it will be 


As Radius 3 — __- = 10.00000 
15 to the Difference of Latitude 187. 91 = 2.27393 
ſo is the Secant of the Courſe 149, 03“ 10.01319 
to the Diſtancgse 193.7 2.28712 
conſequently the Ship has made good the laſt 24 
Hours, on a 8 5 E + Eaſt Courſe, 193.7 Miles; 
and ſince the Ship 1 is failing towards the Equator, 
therefore 


From the Latitude failed from 18e, 24 N 
take the Diff of Latitude made ; good 35 68 "i 


thire teens: > = N. 
the Latitude the Ship is in North. And becauſe 
the Port the Ship is bound for, lies in the Latitude 
of 439, 40“ North, and conſequentiy Sour of the 
Ship, therefore | 


From the Latitude the Ship ie sin- - 45% 16, N. 
take the Latitude ſhe is bound for 43 > 40 N 
= 8 there remains 3 


or 96 Miles, the Diſerencs of Latitude or South- 
ing the Ship has to make. Again, the whole Eaſt- 
ing the Ship had to make, being 144 Miles, and 
\ ſhe having already made 46.97 or 47 Miles of Eaſt- 

ing; therefore the Departure or Faſting ſhe ſtill 
has to make will be 97 Miles. Conſequently to find 

the direct Courſe and Diſtance between the Ship and 
the intended Port, it will be by Caſe 4 4. of Plain 


21 ling, 


5 | As 


ä 
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5 the Difference of Latitude - 55 1.98227 


s to Radius = 10. 00000 
ſo is the Departure 15 — =- 1.98677 


16. the Tangent of the Coutſe - 45, 19 10.0430 


and 


Is RaAdidss = = - = — 10. 00000 


i to the Difference of Latitude © - go. - =- 1.98227 


o is the Secant of the Courſe - 45”, 197 10.15293 
tothe Diſtanee 136.5 2.13820 
whence the true Bearing and Diſtance of the intended 
Port is S E, 136.5 Miles. 


8. In the following Table; computed by Caſe 1. 
/ Plain Sailing, tor the more ready working a Tra- 
verſe, you may obſerve; that in the top Column of 
exch Page are placed the Courſes beginning at 1 De- 
gree, and proceeding through the ſeveral Degrees, 
Points, and quarter Points, to 45 Degrees, the bot- 
tom Column beginning with 45, Where the upper 
ends, and proceeding to go Degrees, the Degrees in 
the upper and lower Columns being the Compliments 
of one another. The two ſide Columns in each Page 
contain the Diſtances; viz. thoſe on the left Hand 
contain the Diſtances from 1 to 50, and thoſe on the 
right Hand Page contain the Diſtances from 530 to 
100. The other intermediate Columns contain Diffe- 
tences of Latitude and Departures, anſwering to the 
Courſes in the top and Diſtances in the fide Columns. 
The Uſe of this will be plain; from the following 

*ample. 


N Example 


Of Plain Sailing. 


N 1. 


Suppoſe the Courſe to be 8 E383 : Eaſt, and 
Diſtance 48 Miles. Required Difference of Latituce 
and Departure. DOR | ; 


Firſt, I look in the top Column for 3 £ Point: 
(becauſe it is leſs than 4 Points, or 45 Degrees) 
and in the ſide Column on the left Hand Page (be- 
1 the Diſtance is leſs than 50) for the Diſtance 

z then below the 3 + Points, and on the ſame 
Tis. with 48, I find 37.1 for the Difference of Lat 
tude, and 30.4 for the Departure, 


Example 2. 
ILY the Courle NE } E, and the Diſtance 


76 Miles, Required the Difference of Latitude and 


- Deparrure. 

Firſt, J look in the bottom Column for the 
Courſe, viz. 5 Points (becauſe it exceeds 4 Points 
or 45 Degrees) and in the ſide Column on thc 


right hand Page (becauſe the Diſtance exceeds 50} 
for the Diſtance 76; then above the Courſe, and 


on the ſame Line with the Diſtance, I find 63.2 
for the Departure, and 42.2 for the Difference "of 
Latitude. 

It the given Diſtance exceed the Limits of thc 


Table, i. e. be greater than 100, then that Diſtance 


muſt be divided into two or more Parts, each ot 
which muſt be leſs or equal to 100; then find, as in 
the preceding Examples, the Difference of Latitude 
and Departure for each Diſtance on the given 
Courſe, and the Sum of theſe Differences of Lati- 
tudes will be the Difference of Latitude require, 
alſo the Sum of the Departures, will be the Departure 


required, . 
Exampl. 


La 
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Example 3. 
* 

Suppoſe the Courſe 8 W358, and Diſtance 146 
Miles. Required the Difference of Latitude and 


Departure. 
Firf, I divide the given Diſtance into two, vix. 
100 and 46; then the Differences of Latitude and 


Departures anſwering to theſe on a S WS Courſe, 


found 1 in the Table, wil be as follows, VIZ, 


Courſe D. Dif of Lat. Depar. 

SW 58 100 83. 8 
46 38.2 255 

— 146 121.3 811 


The Sum of the Differences of Latitude, viz. 
121.3 is the Difference of Latitude required, and 
the Sum of the Departures, viz. 81.1 is the Depar- 
ture required, 

After the fame Manner may a Traverſe be wrought | 
by the Table, viz. by finding the Difference of 
Latitude and Departure (from the Table) to each 


Courſe and Diſtance, and ſetting them down in 


their- proper Columns in the Traverſe Table, and 


then working as in the foregoing Example of a 
Traverſe. 


Example, 


| Suppoſe a Ship! in the Latitude of 360, 43“ North, 
lails on the following Courſes, viz. SE4S 56 Miles, 
59S E 42 Miles, S W 64 Miles, and NE4N 
40 Miles. Required the Copel and Diſtance made 


| good upon the whole, and he Linde the Ship has 
* come to. 


N 2 Firſt, 
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Firſt, 1 take from the Table, the Difference ef 
Latitude and Departure belonging to each Courſe 
and Diſtant, and theſe ſet down in their proper 
agg in the Traverſe Table, will and as fol- 
IOWIS. 


1 a 
3 acl. 


ö Cen, Diſtances Diff of Lat. | Departure. | 


| i | = 


N 
8 - $6]——| 466 317.7 
_—— 7; 
— 52.8 | 


„ 


33.3 149.1 3 
433.3 12.5 


Dif. of Lat. 115.8 | 57.3 Dep. | 


| Whence it is plain, that the Difference of Latitude 
made good is 115.8 Miles, and the Departure is 57.3 
Miles; then for the direct Courſe and Diſtance it wil! 
be, by Caſe 4. of Plain Sailing. 


As the Difference of Latitude - 115. 3 2.09969 


is to Radius ; - -— __ =  10,00000 
ſo is the Departure 4. * 75815 
to the Tangent of the Courſe - 24, 20/ 9.65547 


which, becauſe the Ship is filing between South 
and Faſt, will be S SEA Eaft nearly. Again, for 
the Diſtance 3 It will be 5 


As Radive - = <= = ro. oococ 
is to the Difference of Latitude - 115.8 - 2.09968 
fo is the Secant of the Courſe - 249, 30" 10.04095 
to the Diſtance 2 SO is 148. 3 25 14066 

| And 


Of Plain Sailing. 181 1 

And ſince the Ship is failing towards the Equad q 
0 and conſequently diminiſhing her Latitude, there- 
> . N 8 ; 
From the Latitude failed from - - 369, 47 N. 
ſubtract the Difference of Latitude - 1, 55/ Sly 


and there remains 440, 48 N. 
the Latitude the Ship has come to. gs 


* — 2 2 


— — ts. 


A Large and very Uſeful 


TALLE 


O' F 


Difference of Latitude and Departure, 
in Minutes and Tenth Parts, to every 
Degree and YQuarter-Point of the 


Compass, for the exact working of a 
Traverſe. 


* 


A TAB L of Diffrene 


r 


S) 1 Deg | 2 Deg. |; Point. | 3 Deg. | 4 Deg. | 5 Deg. 
Dog) Dep. Lat.] Dep.] Lat. Dep. | Lat. Dep. Lat. Dep. Lat.] Dep. 
I 00.0j01.0| 00.0{01.0| 00.0 o .o. 00.1 01.0 00.1 
2 oo. oſoz. of oo. 1002. of oo. 1 [02.0 |00,102.0 oo. 1%. o ſ oo. a 
9 1 oO. 103. O 00.1] oʒ. o. oo. i og. o oo. zog. o. oo. 203. o 00.3 
4 oo. 1Joꝗ. of oo. iſ 04,0} 00.2 | 04.0 |00,2104.0| oo. 3 04.0 | 00.3 
5] 00, 1J05.0] 00.2] 05.01 00.2[05.d oo. 3.05. o oo. 305. of oo. 4 
6 0G. 1106.0] oo. 2 ob. o oO. 3106.0 o. 306.0 00. 406.0 | 00.5 
7107.0 |[00.1j07.0] oo. 2107. 0 00.3 | 07.0 oo. 4407. o 00, 5107-0 00,6 
$108.0 [00.1108.0] 00.3] C8. o] 00.4 | 08.0 oo. aſo8. o] 00.5j08.0 | 00.7 
| c0.2109.0] 04,3] 09.0] 00.4 | 09.0 [o0.5J09.0 | oo. oo. o F 00.8 
15 10. ooo. 2 to. o o. 4 10.0] 00:5 10.0 [00.5}10.0| oO. 7. o | 00.9 
11 oO. 2011.0 O. 44 11. 0 [o. 5 [11.0 oo. 61 1.0 Ho. S IIe IT 
124 oO. 212.0 00.4] 12.0 00.6] 12.0 [o. 612. 0 60.8]12.0 |] 01.0 
13 oo. 213. 0 oO. 5.13. 0 00.6] 13,0 (oo. 7113.0 00. 912.9 [01.1 
14 oO. 214. 0 co. 5 14. 0 oo. 714. 0 [oo. 714.0 ol. of 3.9 [01.2 
15 00.3115.0f00.5] 15 of 00.7] 15.0 foo. SHS. oo. 4.9 for; 
16 co. 316.0 c. 5116.0 oO. 816. o 00.8 10.0 01,1 15.9 [01.4 
17 00. 3117. o 80500 17.0 oo. 817. o [00.9 17.001. 216.9 01.0 
18 oo. 318.0 fo. 60 18.0 00.9 18. oo. 9417.9 ol. 317.9 [01.6 
19 00. 319.0 00.7 19 0f 00.94 19.0 fol. 8.9 01.318.901. 7 
20 oo. 4420.0 00.7] 20.001. 20. 0 fo. olg. 9 o. 4410. [0.5 
21 00.4j21.,0100.7]21,0]01.0}21.0 [or.1f20.9 01.5 20.9 01.8 
72 oO. 42.0 O0. 8 22.01. 122.0 [o. 121.901. 621.9 [01.9 
23 oO. 4% 3. 0 00.8] 23.001. 1123.0 [01 222.901. 6022.9 | 02.0 
24 00.4[24.0 | oo. 8 24.001. 224.0 01. 3023.9 01. 723.9 [02.1 
25 C0.4125.9 400.9] 25.0 1.2420 01. 324.9 ot.7]24.9 02. 2 
2612.0 Co. 526.0 fo. 926.001. 326. o 01.42.91 01.8025.9 02.3 
27 SY. 5[z7. 0 bo. 9 27.001. 3427.0 01. 4426.9 01.926.9 [02.4 
28 oo. 528.0 [01.0 28.001. 428.0 fol. 527.9 02.0[27.9 | 02.4. 
29 oo. 529.0 O01. 0029.0 01. 429.0 [01.5] 28.9 02,0128 9 oa. 5 
30 oo. 530.0 01.1] 30.0 01. 530.0 01.6029. 9 02. 129.9 [02.6 
31 O0. 83 1. 0 [01.30.90 531,0 01.6030. 902. 230.9 | 02.7 
32 00. 6032.0 [0.031.901.6379 01.73 02.23.90 [C028 
331 oo 6133.0 [01 232.901.632.9 [0.32.9 C2. 3032.9 oz 9 
34 00.6134-0} 01.21 33-9 [033.9 for.$143.9] 0.4133.9 | 03.9 
35 oo. 6035.0 ot. 234.901. 34.90. 8034.9 02 434.9 | 04.1 
36 o. 630.001. 3035.9 [01.835¼ [01.9038˙9 02.838. 9 03.1 
37 00. 537. ol. 36.9 [01.8 {36.g{01.9}36.9}] 02. 6036.9 [03.2 
38 00.7138.0f 01.3} 37.9101.9 37.9 02. 0037.9 02.737. 9 03-3 
39 00. 739.0 [01.4] 38.9 ,01.9433.9 [o. 0038.9 02.7133.9 | 03.4 
/ e eee fend 39.9 [02:9135-9 [02:1129.9 1 02:8159.8 [03.5 
41 00. 741. 0101. 4/40. 9 o:. $40.9 [oz. 140. 9 52.940.8 03.6 
2 oO. 742.001. 41.9 [02.1141.9 [02.2(41,91 02.9141.3 03.7 
43 oa. 84 3. o. 542.9 02. 142.9 02. 242.903. C04 2.8 [of. 8 
44 00.8144.0] 01.5} 43.9 [02-2143.9 02.343.903. 1043.8 [of. 8 
45 OO. 814. t. 644.9 02.2, 44-9 [02.4144-9} 04.1144.8 103.9 
46 00,8]146.0! 01.6145.9 02.2145.9 02.44 7.0 03.204 [04.0 
47 0. 847.0 ol. 645.9 [oz. 346.9 02. 546.9 [of. 3046.8 04. 1 
48 00.8143.0401.7147.9 [oz. 347.9 j02.5147.9 [o. 447.8 | 04.2 
49 o. 949.001. 748.9 02.448.902. 648.9 1c3.4148.8 | 04.3 
{ £0 00.9150.0401.3449.9 $02.4 149-9 j02.6i149.9 0.49. 804.4 
Pep. Lat. Dep.] Let, D. I Lat, ep Lat. Pep. Lat. Dep. | Lat. 
589 Deg. 88 Deg. 7 Print. 87 Deg. 186 Deg 85 Deg 


n 


— 4 


5 


12 


2J8 0 <I * * nd | 


1 


— . . ; - 
T ⁰ A 
— =p F = 7 be 


—_— 


2 | A | gant 4 * 5 e- 92 5 ö s 
of Latitude and Departure. 185 
n Deg. | 2 Deg. [4 Point. | 3 Deg.| 4 Deg.] 5 Deg. | & 
> Lai. i Dep Lt. Dep. Lat. | Dep Lat. Dep Lat Dep. Lat.] Dep. ” 
51 51.000. 9 51.0 01.9 50.9 O2. 5 50.9 02.7 50.9 03.6 50.3 94 · 4 51 
520 52.04 00.9 52.0 01.851.902. 551.902.759 03.6j51.381 04.55 52 
535300. 953.0 01.80 52.92.60 52.9; 02.8] 52.9 63.7 52-8] 04.6] 53 
54 54-0) oo. 9 54.0 01.953.902.653.9 02.8539 03.8 53.81 04.7] 54 
eee eee eee eee 
56 56.0 0 o 56.0102. 005.902.755. 9 02.9 55˙9 03.955·804.9 56 
57 57.0]01.0{57,0302.0456.9102-.8} 56.9 , 03.0 56.8 04.0 56.8] 05,01 57 
58 58,001.01 58.0 fo. 57.9 [oz. 8057.9 03.057.804. 1 57.8Þo05.1] 58 
59] 59.00. ol 59. 0 oz. 158.9 02.9 58.9 03.158 8 04.1 58.8 [05.2 59 
60] 60.0for.c| 60.0|02.1]59.9102.9] 59.9 03.159.804. 2059.8 [o. 2] 60 
61 6001.1 67.0 02ʃ1 69.903. o 60.9 03. 60.8 [o4. 360.8 05.3 61 
| 62] 62.001. 1062.0 02.261.903. 0061.9 03.361.804. 3061.8 [05.4] 62 
63 63.001. 63.002. 2062.9 03. 1062.9 03. 362.8 04.462.805. 5 63 
640 64. oo. if 64.0 02. 263.903. 063.903.463.804. 563.8 [05.6 64 
eee 
. 65] 66.001. 66.002. 365.903. 2 65.9}03-5 65.8104.6]65.7105,8] 66 
67 67.0|01.2}67,0|02.3[66.9103.3] 66.9, 03.5|66.3 104.7] 06.7J05.9] 67 
68] 68.001. 267.902.467.903. 3167 9 03.667. 8 [04.80 67.705. 9 68 
| 69] 69.001. 2068.9 02.468.903. 4 68.9 03.6 68.8 [04.8 68.7 06.0 69 
70 70. oo. 269.9 02. 4469.9 03. 4 221275 69 804.9 09.7 06. 1] 70 
71] 71.001. 270.9 oz. 570.9 [03.5 70.9 j03.7| 70-3f05.01 70.7 [ob. 2 71 
72 72.0001. 371.902.571.903. 57.903. 8J71.8 05. 0071.7 [06.3 72 
73 73-0101.3| 72.9 [0.72.9 03. 672.9 0;. 872.805. 72.7 [06.4 73 
74 74.001. 3073.9 02.673.993. 673.903.9738 05.273.706. 5 74 
EP bly ted ble, Pkg ey att py WE 
76 76.0J01.3} 75.9 02.775.903. [75.9 104.04 75-8405-3175-71 06.6] 76 
77 77.0J01.3 76.9 02.776.903. 8076.9 {04.0176.8105.4176.7]0b.7} 77 
7878 0101.41 77.9 [02.7] 77-9f03-$177-9 104-1177-3105-51 77-71 06.3] 78 
79 79.001. 478.9 [02.8] 78.9]03.9] 73.9 04.1 78.8105.5}738.7}06.9] 79 
80 80.00 t. 479.9 f02.8[79.9103.91 79.9 504.2 79.5 05.6 79-7;07-0] 80 
81 81.0 0m. 4 $0.9 02.8 $0.9}04.0] $0.9 | 04. 20 $0.3 05. 7 $0.7] 07. 1 81 
820 82.00. 481.902.981.904. 008.9 04. 381.805.781. 7[ 07.2] 82 
83] 83. o 25 82.9 [02.9 82.904. 1082.9 [04.4]82.8[05. 8082.70. 3] 83 
84] 84.001. 5083.9 02.983.904. 83.9 04.483.805. 9 404 07.3] 84 
85] 85.0[0 584.9 [o. 084.904. 2 84.9 [04.8 84.8 05.9 84.7 07.4} 85 
86 86.001. 5 $5.9 03.01j85.9104.2[85 904.5085. 8 [06.08 5. 70. 5 86 
87 87.0 [of. 5 86.9 |03.0j 86.904. 386.9 [04.6 $6.8]05.1} 89.7] 07.6] 87 
88 88.0 or. 5 87.9 [o;. 187.904. 387.9 [o4. 6087.8 [06.2 87.70. 7 88 
89 89.001. 588.9 | 03.11 $8.9] 04.4] $3.9 | 04.75 83.8 [06.20 88.707. 8 $9 
90 90.0 of. 6 $9.9 [oz. 189.904. 4489.9 [04.7] 89.8 100.3 89.7 07-9] 90 
919.001. 690.9 [o. 290.904. 59.9 104.8} 90.8j00.4{ 90.75 08.0 91 
j 92] 92-0j01.6191.9103.2197.9104.5191.9 04.8191.38}06.4j91.6]08.0] 92 
93] 93.0[o01.6|92.9 [03.209 2.9 04.692.904. 992.8 [06.5 92.6 o8.1] 93 
94 94-0Jo1.6193.9103.3193-9104-6193.9 j04.9{93-8 [06.6193.6108.2f 94. 
1.5} 259122:994-9121-3949104-7194-9 (05.9194. $100.0194-123:31..95 
96 96.0jo1.7195.9|03.4|95-9f04-7195-9j05-0j95-8100.7195-6] 08.44] 96 
| 97] 97.0]01.7196.9 [03.4|96.9]04-8|96.9 [05.1] 96.8[06.8; 95.6} 08.5] 97 
198 98.0j01.7197.9103.4[97-9104:3[97.9 105.11 97.3 06.9 97-6 08.6] 98 
99 99-0j01.7 98.9 03. 598.904.998.905. 2098.8 [06.9 98.608.799 
[100] 190-0[01-7199-9 [03:5[99-9[04-9199-9 e 9.807.262 [100 
1 2 Dep. Lat.] Bep. | Lat. Dep Lat. Dep. | Lat.] Dep.] Lat.] Dep.] Lat. 
89 Deg. 88 Deg.|7 4 Point.] 87 Deg. 86 Deg. 85 Deg. ] f 


—ͤ— 


— 


* 


186 A TaBLE of Difference 
| S| Point. 6 Deg. | 7 Deg. | 8 Deg. 4 Foint. | 9 Deg. | S 
Lat. Dep.] Lat. Dep.] Lat. Fend Lat. Dep | Lat. | Dep Lat. Dep. «mf 
1452.0 [O. ol. of 00.1} 01,0{02-1Jo01.0oo.i]or.of Oo. ol. o oOo. 2 1 
2102.0 |00.2102.0j 00.2] 02.0] oO. 202. o 00.3] 02,0] oo. 3 O2. o. 3 2 
3003.0 [00.3]03.0f 00.31 og. o oo. 440g. of oo. 44 03.0] oo. 403. 0] oo. 5 3 
404.0 | 00.4] 04.0} 00.47 04.05 O. 504. o oO. oA. ol oo. 603.9 00.6 4 
5{05.000.5505.04 00. 5} 05.05 02.6J04-9 [00.7] oA. 9 oO. 7 oA. 9 00.8] 5 
5606.0 |00.6j05.0] oO. 6. 06,04 00.7]05.9 } 00.8 05.9 oO. 9 O5. 9 oo. 9 6 
Joy. o oo. yo. o 00.7, 06.9] oO. 806.9 for. of ob. 9 [or. 06.9401. 1 7 
8108.0 | oo. 8 05,0] 00.8} o. 9 ol. oo. 9 ol. 107.901. 240%. 9 [01.2] 8 
go. o oo. 9108.9 20.9 08.901. 108.901. 2408.9 [t. 308.901.449 
| FOR OQ.q0 JON,C010CgG.Q 91. C 09.9 e 09 901/409 .9 01. 509.9 01.6 10 
1110.9 f. 110.901. 1 10.901. 3110.9 01.5 10.9 01.60 10.90.71 
1211.9 01. 211.901. 211.901.511.901. 711.901.811.801. 9 12 
13] 72.9 [01.3] 12.901. 4 12.901.606 12.9 [of. 812.9 01.91 12.8 02.0] 13 
14} 13.9 01.413.901. 5 13.901. 713.9 [01.9 13.8 [02.1 13.8 [02.2 14 
{ 15] 14.9 [o. 514.9 [or. 6 14.901. 814.8 [oz. 114.8 [02.21 14.8] 02.3] 15} 
10 15.9 [01.60 15.901. 15.9] o1.9]15.8 02.2] 15.8] 02.3] 15. 802.5 16 
1716.9 [01.7 16.9 01.8 16.902. 1016.8 02.4 16.8] 02.5] 16.8] 02.7] 17 
18] 17.9 01.817.901. 9 17.902. 217.8 02.5] 17.8] 02,61 17.8] 02.8 | 18 
1918.9 01.918.902. 00 18.902. 3018.8 [02.6 18.8] 02,8] 18.8} 03,0f 19 
2019.9 [o 2.0 19.902. 1 19.802. 419.8 [02.8 19.8] 02.9] 19.703. 1 20 
27 20.9 O. 1 20.902. 2 20.802. 620.8 [02.9 20.8] 04.1] 20.703.321 
2221.9 [02.2 21.902. 321.802.721.803. 121.803. 2 21.7 [o3. 4] 22 
23122 902.20 22.9 [o. 4J 22.8 [oz. 822.803. 2022.70. 4 22.7 03.6 23 
| 24| 23-9 [02-3[23-9 02.23 $102.9123.8]03-3]23.71 03.5] 23-7 [03.8 24 
25124-91024124:9102:5/24.3[03:9124-8] 03-5] 24-71 03:7] 24-7 [03:9 | 25 
25125.9}02.5]25.9102.7] 25. 803. 225.703.6025. 703. 8 25.7 [041] 26 
2726.9 [02.6 26.9 02.8 26.8103. 326.7 [03.7 26.7 | 04.0} 26,7 [04.2] 27 
2827.9 [02.7 27.8 [02.9 27.81 03.4|27.7 03.91 27.7] 04.1] 27.6] 04.4 | 28 
2928.9 o. 828.8 [03.0 23.8{ 03.5} 28.7 04.00 28.7 04.2] 28.6 [04.5 29 
j_30 29.8 [02.9129.8]03.1] 29.803.729. 704. 229.704. J 29.604. 7] 30 
31 30. 8 [oz. oſ 30.8 [o 3. 20 30.803. 830. 704. 30 30.7] 04.5] 30.6 [04.9] 31 
3231.8 03.131.803. 303 t. 803.931. 70443 1.604. 731.6 [05.0 32 
3332.8 03. 232.8 [03.4 32.7] 04.0] 32.704. 6 32.64 04.8] 32.605. 2] 33 
3433.8 03. 3033.8 03.5 33-7] 94+1] 33-71 04.733.605. 00 33.6 [05.3 34 
351 4 03-7] 34-7] 04-31 34:7 [24:91 34:6} 05:1] 34:61095:5 U 
36] 35-$103-5] 35-8] 03-8] 35.704. 435.605. 035.605. 3035.5 [05.6 36 
3736.8 [of. 6 36.8 03.9] 35.7] 04.5] 36.605. 1 36.6 05.4] 36.5]05.8] 37] 
381 37-8] 03-7] 37-8| 04.0] 37.704. 637.6 [05.3 37.6 05.6] 37.5 06.0 38 
3938.8 j03.8] 38.8] 04.1] 38.7] 04.8] 38.6105.4138.6] 05.7] 38.5 [06.1 | 39 
490 39:8103-9139.8] 04:2] 39-71 04:91 39:6] 05:01 39-6] 05.9] 39-5 [06.3 | 4 
41] 40.8] 04.0] 40.8 | 04.3] 40.7] 05.0] 40.6] 05.7] 40.6 06.0] 40. 5 06.4 41 
4241.8 04. 141.804.441.705. 141.605. 8141.5 [06.2 41.5 06.6 42 
4342.8 [04.20 42.804. 5 42.7] 05-2] 4.2.6 ob. o 42.5 06.3] 42.5 06.7 43 
4443.8 [04.30 43-71 04-6] 43-7] 95-41 43-6[06.1} 43.5] 06.5] 43.5 06.9 44 
[451443] 04-4/44-7| 04-7] 44:7 [95:51 44-6] 06.3144-5] 06.6] 44-4 [07.0] 45 
461 45-3] 04-5] 457 | 04-8] 45-7] 05-6] 45.51 06.4145.51 06,7] 45-4] 07.2] 46 
471 46.8 | 04.6] 46.7}04.9] 46.605. 7 46.506. 5 46.5] 06.9] 46.4 | 07.3] 47 
481478 [04:7] 47-7 [05.0] 47-6]05.9] 47-51 06.71 47.5] 07.0] 47-4]07.5] 48 
49 48.8 104.8] 48.7] 05.1] 48.6] 06.0 48.5 06.848.507. 248.407. 7 49 
ee 02:1149:5 e J 52 
Dep. | Lat. Dep. Lat. | Dep.] Lat. | Dep. Lat. | Dep. þ Lat. I De p. I Lat. & 
: Point. 84 Beg. 83 Deg.| 82 Deg.|7 & Point.] 8 P 


of Latitude and Departure. 


16 Deg. 


Tat. 


50.7 


1151.7 


52.7 
53˙7 


2 


5158.7 
56.7 
7157˙7 


88.7 
59-7 
60.7 


62.6 
63.6 
64.6 
65.6 
66.6 
67.6 
68.6 


61.61 


Dep. 


05˙3 
05.4 


Dep. 


74 Point, | 


Lat. 


50.4 
51.4 
52-3 


— es. Math. 4 . 


2 — 


9 


1188 A TABLE of Difference 
3 | * 
Oli Deg. ii Deg. | 1 Point. [12 Deg.|13 Deg. 14 Deg. | & 
4 Lat. J Dep Lat. | Dep.] Lat. Dep | Lat, | Dep Lat. Dep Lat. Dep. Is 
1101.0 (00.2101. o | 00.2 01,0|00.2þ01.0|00.2Þo01.0 | OI oi. 00.2] 1 
2102.0 | 00.3] 02.0] 00.44 02.0 00.4] 02.0] 00.4Jo1.9 oo. 4401.9 oo. 5] 2 
31 02.9 | 00.5] 02.9] 00.6] 02.9 [03.6j02.9 oo. EH 02.9 | oo. 7 oz. 9 00.7] 3| 
i 403-9 [00.7] 03-9] 00.8} 03.9 | 00.8103.9 | 00.8] 03.9 | 00.9[03.9 Jol.oſ 4 
504-9 |00.9f 04.9] 00.94 04.9 ol. oog. 9 ol. oA. 9 o. [o. 8 [o1. 21 5| 
605.901.005. 9 ol. 1005.9 [o. 205.901. 2005. 8 [of. 3005.8 [o. 44 6 
7106.9 ol. 206.901. 3106.9 [ort. 4406.8 [o. 506.8 01.61 06.8101. 7[ 7 
807.9 [o. 407. 8 [o. 507.8 [or. 607.801. 707.8 ol. 807. 801.9 8 
19 08.9 [or. 608.801. 708.8 [01.8}08.8]o1.9] 08.8 [oz. ol 08.7 [oz. 249 
10 oo. 8 [of. Jo. Sor. 9 09.8 [01.9109.8 | 02.1 09.7 oz. 209.7 [oz. 4 10 
1177 10.8 01.9 10.8 O2.1 10. 8 O2. 10.8 2.3 10.7 02.5 10.7 02.7 n 
1211.8 [2.11.8 02.31 11.8 [oz. 3 02. 511.7 [02,7] 11.6]02.9 |] 12 
13] 12.3 102.3] 12.8] 02.5] 12.7 [02.5 02.7] 12.7 102.9] 12.6103.1] 13 
i 14] 13-3 102.4] 13.7] 02.7] 13.7 [02.7 02.9]13.6}03.:1þ13.6103.3 | 14 
1514.8 [02.6 14.7 [02.9 14.7 [02.9] 14.703. 114.5 [03.41 14.5] 03.6] 15] 
1618.7 02.8 15.7 [03.0 15.7 [03.:]15.9j 03-3] 15.6]03.6} 15.5] 03.9 | 16 
| 171 16.7 02.9 16.7] 03.2] 16.7103.3 ©3.51 16.6] 03.8} 16.cJog.1] 17) 
13; 17.7 103.11 17-7 103.4] 17-7 03.8 03-74 17.5f04.c} 17.5] 04.4 | 18 
1918.7 103.3} 18.61 03.b| 18.9 J03.7 03.91 18.5 04.2} 18.4 ]04.6] 19 
201 19.7 03.519.603. 819.603. 9 04.2} 19.5] 04.5} 19.4 04.3] 20 
2120.7 03.61 20. 6 04. 20.6 04 I 1ox.4|20.5] 04.7] 20.4Jo05:1|-21| 
| 22]21.,71c3.8[21.6]04.2] 21.6]04.3 04.621. 404.9 21.3 [05.3 22 
23 22 604. c 22.604. 4 22.604. 5 O4. 8[22 405.2 22.3 [05.6 23 
2423.6 04. 223.604.623.504. 05.823.405. 44 23.3058 24 
1 24.504. 24-5] 0.4.8] 24.5 04.9 24-4 05.21 24.3} 05-0} 24.3 ob.o| 25 
25 25.604. 25.505. 125·5[95.25˙4[05˙·4/25˙3 05.80 25.2 [00.3 26 
226.604.726.505. 1 26.505. 3026.4 05.6 26.3 [06.1 26.2 06.5 | 27 
2827.6 04.9] 27.5053 27-5] 05-50 27-4 of 2 27.306. 3 27.2 [06.8 J 28 
2928.6 05.028.505. 28.405. 728.406. 00 28.2 C6. 5 28. 10%½% ] 29 
F ane or eget ag anongns.r107:3 1.30 
35 30.5 n 30-4029 3106.4 30.2} 07,05 30.1 [o7.s | 31 
323.505, 31.406.103. 4300.21 31.3 05.631.207. 2 31.0 [07.7 32 
331 32+5 [05-74 32-4] 06.5] 32.4 wh 4 06.9 32.1107.4|32.0]08.0| 33 
34 43-5 05-91 33+4t 06, 33.2106. 6 2107.5 33.1 07.6] 33.0 [08.2 34 
Foo 
1636.4 [00.2 35.3 06.9 35.30%. 00 35.2107.5} 35.13 08.1] 34.9 [08.7 46 
371 39-4 0 —4 39.3] 07.1] 35.3 97.2 36.2 0%.7 36.0] 03.3 35˙9 09.0 37 
3837.4 86.6 37.3] 07-2] 37.3 07.4372 [07.9 37-0 08.5] 36.9 [09.2 | 38 
1 39} 35.4 | 05.3} 32.31 07.4] 38.2{07.6] 38.1 08.1] 38.04 08.8] 37.8]09.4 | 39 
| «0þ 39-5 [26.91 39-3 [07:6] 39-2[07.3] 39-1 08.3] 39.0 09-5] 38-8 | 09-7 | 49 
41 40.40%. 04. 207. 8 40. 2 08. of 49.1} 08.5] 39.9] 09.2] 39.8 [0.9 41 
24.4% 3J41.2 08.00 428.24. 8.7/4.9 09.4} 40.7 | 10.2 | 42 
43 42.3 07. 42.208. 20 42. 208.442.108.949 09.747 10.4 | 43 
4443.3 07-71 43-24 03-4} 43.103 6} 43-0 09-1] 42.9] 09 942.7 10.6 44 
450443 07-J44-2103.5] 44.1 $03.3] 42-0] 09-4) 43:3 10.1] 43-7] 11-9] 45 
4645.3 08:0] 45.2 | 08.3] 45. 109,045. 9. 644.8 10.3} 44.6|12.1] 46 
| a-t46.3 0 146.109. 45.19. 246.0 [09.84.81 10.61 45.611.41 47 
4347.3 0.3 21%. 27. 109. 447.0 10. 0 46.8 10. 846.6 11.6 48 
4948.3 08 54 48-1 09.3] 48.1 [09.6] 438.9] 10.2; 47.7] ni.c[47.5]11:.9} 49 | 
; £54 $3.2 08.49. 100. 49.0{09.8] 49.9] 19.41 48.7] 11.2} 48.5|12.1f 50 
1 \ Dep. Lat. Dep It. Dep. Lat Dep. Lat. Dep E De p. Lat. E | 
| >180 Deg.[79 Dez.i7 Point. g. 77 Deg | 76 Deg, 8 


VF EC * 


td. 


of Latitude and Departure. 1891 
10 Deg.|11 Deg. Ji Point. 12 Deg. 13 Deg. 14 Deg. S 
Lat. Dep. Lat. | Dep. Lat. | Dep. | Lat. Dep.] Lat. Fare 3 i 
03.8] 50.1 [09.7}50.0| 15.0 50. o 10.5 29.7 11.5495 12.3 51 Tk 
og. o 5 1.0 fo. 95 1.0 l 10. 150.9 10.8 50.7 11.759˙5 12.0 52 . 
09.2] 52.0 0. 152.0 10.3 51.8 11.0 51.6} 11.9;51.4| 12.8} 53 5 
09-4] 53.0 10. 315 3.0 10.5 [52.8112 152.6 1 ö 13. 1] 84 7 
99:51 54:0 | 10:5453:9 1 19:7 $33: 1 21e4 [33:51 12:4953:4] 13:3 [55 5 
09.7] 55.0 10. 754.9 10.9 [54.8] 11.6 54.5 12.6543 13.6 563 Ty 
09.9] 56.0 10.8155.91 11.1 55.8] 1.855.512.8553 13.84 57 is 
10.1 56.9 11.1 56.9 11.3 56.7 12.1 56.5 13.0 56.3 14. 0 88 4 
10.2] 57-9] 11.3157-9] 11.5 [57-7] 2:3 (57-5 $ 1343157-2 | 14.3459 yi 
10.4 58.9 11.458.811. [58.7] 12.5]58.5} 13.558.214. 60 1 
10.61 59.9 11.659.819 [59.7] 12.7 [59.4 j13.7459.2| 14.8] 01 30 
10.8] bo.g | 11.8160.8| 12.1 [60.6] 12.9 {60.4 }13.9'60.2] 15.0] 62 ha 
10.9 67.812.006 1.8 12.3 [1.6 13.1 61.4 14.2j61.1} 15.2] 03} J 
11.1 62.8 12.262.812. 5 02.6 13.3 vo 14.4402.1| 15.51 04 
11.3} 62.8} 12.4j03.7 | 12.7 03-0 13.563314 9 1175.7 65 
11.5 64.8 12.654.712. 9 64.6 13.7 64.3 14.3;04.0} 16.0} 66 
11.6\65.8} 12.8j0<.7] 13.1 05:5 13-9;65.3] 15.6 5.0 16.2 67 
1 1.8; 66.7 13.c466.7 13.3 (00.51 14. 166.2 15. 3166.0 16,4 | 68 
12.0] 67.713.267. 13.5 167.5 14-3 [67.2 15. 5[66.9 16.7] 69]. 
12.2] 68.7] 13.4{68.7 | 13.7 [63.5 14.5 {68.2 15.767.9] 16.91 70 
12.369.713. 569.6 13.9 [69-4] 14.8 j69.2 70.0058 9 17:2 714 
12. 5 70.7 13.770.614. 0 0.4 15.0 %. 1 16.2169.9} 19.4] 72 ] 
12.7 71.7 13.971.614. 2 7•4J15˙ 271.1 16.4/70.8 17.61 73} fs] 
12.8] 72.6] 14.7% 2.6 14.4 [72.4 | 15.4 [72.1] 16.9471.8] 19.9] 74 $5 
13.0] 73-6] 14.3173-6{ 14.6173-4]15.6J73.1 aha on 2 FEWLYY 1799 
13.274.614. 574.5 14.8 [74-3] 15.8 74.017.737 18.4476 
13.4 75-0 |14.7175-5] 15-0 75.316. ½% 5.07.3047 18.6] 77] 
13.5 76.6] 14.9{76.5 | 15.2 76.3 16.2176.0| 17.5}75.7] 18.9] 78 
r3-71 77-5] 15-1177-5| 15:4 [77-31 16-4 [77-0þ 17.8,76.6] 19.11 79] 
13-9] 73:5 05-3178-51 15:6 [78-2 16.6 77.9 ee 15.4] 82h OO > 
14.1 79.5] 15.5}79-4| 15.8 [79-2] 16.8 78.9 18.2 78.6 19.4 37 
14.2 80. 515. 80.4 16.0 [SC. 217.0 79.9 18.4 79.6 19.8] 82 
14.44 81.5 15.808 1.4 16.28 1.217. 280.0 18.739. 5 20.1] 83 
4.6] 32.5 | 16,0j}82.4 | 16.48 2.217.5 81.858.981. 5 20.3 94 = 
14.9] 83-4 | 16.2i83.4{ 16.6 83.1 | 17.7 32.8. 2 88 20. 85 Ee 
14.9 84:4 | 16.4434+3 | 16.8 24.117.983. 8 19.318 3.4 20,8 "%6f 5 
15.10 35.4 | 16.6(353.3|17.0j85.1|18.1134.84 19.6 84.4] 21.0] 870 
15.3] $6.4 | 16.8]86.3 | 17.2 86.118.385. 79.8.8 5.421.388 
5.4} 37-4 17.0187-3] 17.4 187.1 | 183.5 [36:7 20,0,;86.4} 21.5 89] 
] 15-6} 38.3 r7.2138.3| 17.6 [88.0 18.787.720. 2187.3 21.8 | gol 
15.8] 89.37.4892 17.8]59.0 {18.9 {883.7 {20.5,85.3 22.0] g1 
16,0 90.317.600. 217.9 190.0 | 19.1 189.6 20.7189.3 22.292 . iq 
165.191.317.790 1.2 118.1 in 19.3 [90.6 {290.9 00.2 22.5 93 _ - 4 
16 3092.3 17.90 2.2 18.3 91-9129+5 G1.6}21.1191.24 22.7 04t — 
eee 4 
16.7] 94.2] 18.3]94.2 | 18.7 193-9 20.0 93˙5 21.3 •1 23.296 1 
16,8] 95-2|18.5195.1| 18.9 {94.9 120.2 194.5 |21.8ig4.1} 23.597 of 
17.0] 96.218.706. 119.1 5.9 20.40 5.5 [22.000 c. 123.7 98 A 
17.2 97.2 | 18.9197.1 19.7 [96.3 | 20.6 {96.5 22. 3196.1 24-9 99 ih 
17.498.219. 1 8. 119.5 [97.3 [20.8,97.4 22.5% 7.0 24.2 co E b 
Dep. | Lat.|Dep- | Lat. Pep. Lat. Ocp. Lat. Dep. Lat. Bep. I Tat. = þ 
80 Deg.|79 Deg. ) Point. {78 Deg. | 77 Deg. 76 Deg. = 


* * 


\O 
© 1 


A TABLE of Differen 


AS 


- & 
2 


— 


„ 


O 90 


is Deg. 
Lat. 


01.0 0.3 
01.9 oo. 5 
02.9 
0349; 
ug he, 
O5. 801.5 
06.8 01.8 
07.7 (02,1 
08.7 j02.3 
09.7 102.6 


Dep. 


— — 


10.6 02.8 
11.603. 1 
12.603. 4 


13.5 28 


2225 
04-1 


5 

4 
404.7 

404.9 

31052 
05.4 
05.7 


22. 206.0 
23.206. 2 
24.1106.5 


— — 


06.7 
07.0 


27.00%. 2 
28.007.527. 
29.00%. 8 


16 Deg. 14 Point. 


17 Peg. 


00.8 
O1.0 


04.4. 


Dep. Lat, 


00,340 1.0 
oo. 01.9 
O8. 902.9 
0 . 203.8 
01. oa. 8 
01.705. 7 
O2. clo. 7 
oz. 3Jo/. 6 
02. 6008.6 
6 02.9409 
5 $ 93-2] 1945 
* 03.7115 
03.8012.4 
04.111 344 
04.4143 
04.601 5.3 
049016. 
05.217. 2 
05.5118.2 
05.S]19,1 
06. 120.1 
06. 421. 0 
06.722. 0 
06.8022. 9 


27-3123-9 
07. 5024.9 


0113.4 
14. 0 
14.3 
14.6 
Lat. 


O0. 3 
00.6 
oo. 9 
01.2 
01.5 


01.7 
02.0 
02.3 


02.9 


— — 


035 
03.8 
04.1 
04-4 
04.7 
05.0 
0543 
05˙5 
05.8 
06.1 
06. 4 
06.7 
07. o 
2 
07.6 
07-9 
08.2 
O8. 5 
08.8 


— — 


99.3 
09.6 


10949 


10.2 


10.5 


10.8 
[1,1 


11.7 


13.1 


Yd 


8 
8 
2 


Dep. 


O0 0 0 0 © 
n 
00 99 0 © 


02.6] 


03.2 


09.11 


11.4 


12.0 
12.3] 
12.6 
12.9 


3 | | | 
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10 Paint. 73 Deg. 


4 _ Y — do g 8 


of Latitude and Departure. 1 


2 . Deg. 16 Deg. 11 Point, 17 Deg- 18 Deg. D 
= 5 Deg. 112 2B bn == — 


Tat. Dep, (Lat. I Dep. [Late Pep. Lat. Dep. Lar, Dep: Lat. | Dep. Las 
£1] 49.5} 1244 They 13.2 14.9.0] 14-0 48.8148 48.8 14.9048.5 15.81 51 
52 50412652 13-5 149" 14.349 715140 735621998 16.152 
531 51.412.951 13.7 50.9 14.50.7153 5˙⁰7 15,5150-4, 16.4} 53 
54 $2+4| 13+ 115242 14.0]51.9| 14-9577 15.7 [51.0 15.845143 16.714544 
5153.313434 E90 52.646. 17. 
56 54.3 13˙6 54. 14.5153-$]15-4 $3.64 10.2 53˙616.453·3J17˙3 50 
571 55-3 13-5 h55*1 14.3 154+} 1571545 16.5454+5|10-7154+7 17.6] 57 
581 56.3} 14-1 $6.0|15-0 155-7 r6,0\155.5116.5155-5 17.0155-23 17-9 58 
59 57434 14-3457 15.3 150.7| 19-3 $6.54 17+! $6.5|17-2 56.14 18.24 59} 
bo] 58.2] 14-6153:01 255227 1651674 4 ö [13:5 [8 
61] 59.24 14.858.915 8158.6] 16.8 34 17.7 58.4 17.8 158,04 18.5 611 
62 60.1] 15-11-99 16,1159.0} 17-1 $943 13.6459-3|18.1159-0] 19-7 624 
63] 61,1] 15+3 60.8} 16.3 $69.5) 17-4 60.3 | 13.3 60.2 |118.4159-94 59-5} 63} 
64\ 62.1} 15-5 61.81 16.66 1.5 17-0 61.21 13.6161.2| 18-7 60.9 19.38] 64 
651 63.0 15.8 162.5 16.8 62.517.962. 18.9 [62.219 61.8120. 65] 
66| 64.0} 16.0163.7 | 17+! 63:4 13.219 3-2 19.2 103-11 19-3 62.38120,4| $0 
67] 65.0] 16.364. 7 17.410 4-4 13,5404 14 19-4 64.119.663. 72˙7 67 
681 66.0] 16.5 65.7 | 17-0 65.4 13.7j05-1 119-7 65,01 19.9194-7321+0 633 
69 66.9 16.8 156.9 | 17-9 66.3} 19.0j66.01 20-0 66.0 20.2 6 5. 21-3] 69 
70 67.917. 0 67.618. 67.319.367 56.9 £2] 21.6} 70] 
71] 68.9] 17-2 68.6 18.3 68.2 19˙6 57.920.567 ˙9 20.8 67.521.971 
72 69.8175 69.518.669. 2 19.8 68.9 20.9 68.8121.0168.5122.2J 72 
731 70.31 17-7 17945 13.9 170.2] 20-1 69.8 21.2 69.8 21.369.4 226 73 
74 71.818.015 19.1}71-11 20-4 70,38121.5 70.8j21.6170-4j 22-9 7 
751 72.718. 2 72.4419 472 20. 7 1.812 71.7 21.917 1+3 23-21 75 
76 73-7 | 18-517 3-4] 197 73.0 20.9 1727 | 22+! 72.7 122.2172-3} 23+5 70 
77 74+7 | 18.7174-41 19-9174” 21.2 174.7 [22.3 173-0122-5173* 23.8) 77 
78] 75-7 118-9475+3 20.2 175-01 21-5 74.6 22.6 74.622.8 174-2] 24-1 78 
79 76.6} 19-2 76.3 20.47 59 21.8475.642249 175-5 23-7 it 1124.4 79 
55 22% % [20:7 [9:9 e 23-2 e 23:4[76:2024.7 [=> 
$1] 78.01 1947 78.2 |21.0}77-9 22.3477+5|23*5 77451 23-7770] 25:0 81 
8279.5 19.979 ˙%2[21˙2 78.8 22.6 78.5 23.8 78.4024. 0 78.00 25.3 92 
834 80.5 120.3 80.2 21.5 79˙8 22.9 179.4 12414795 24.3\78.9\ 25.0 831 
841 81.520. 4 81.1 21.7808 23.180.4 24-4 $30-3}24*5 79.9; 26.0] 84 
$5 | $2.4. |20+7 $2.1|22-045 1.7} 23-4 $1.3 24.7!31.3 24.8 $0.3] 26.3185 
$6 | $3.4 120.9 jÞ3+1 22.31$2.7423+7 . 7570 7•3 25•1½1˙8 26.6 £6 
87 \ $4.4 [21.1 $4.0 22.5)$3-6 24.083.3 25,2 83˙225˙4 $2.7) 26.9} 87 
$8] $5.4 j21-4 155-0 22.3\34.6\ 24.2 154 4 25.5 184.1 25.7 83-7 27.2] 88 
$9] 86.3 21.686.023 · 0 $5,6124.5155-2 28.88 5.1 26.0840 27.5 89 
9087.302199 87.0 23.3 86.5 24.8 86.1 26.186.1 263856 27.384 90 
9188.3 22.1 $7.9 235\87.54 25-1 87.126.487 26.6186. 28.1491 
92 89.2224 88.9123·8088.425˙3 88.0 26.788.026. 9 87.5 28.44 92 
931902226 89.8 24-11$9.4 2 5.5 125 27.0 1599 27.2 88.4 28.71 93 
94 91.2228 90.8 24-3199-4 2 5.9 00.0 27-3 $9.9127+-5139-4; 29-04 94 
95 92-1 23.1 91.824691. 26.2 00.9 27.0 90.8 27-8 90.3129 9 5 
961 93-11 23-319%7 24.8 9243 26.4491-9 {7-9 91.8j28.17591-3} 29-7 95 
9794.123937 | 257 93-2426.7192-$ | 25.2 92.38129.4192+3 30.01 97 
981 95-1 23-3194-71 254 94.227.093 · 0 238.4 193+7 28.60 3.21 30.3 98 


97-0 [24-3 96.6 25.9 96.1 27.69 5-7 29.0195.6129-2195-1 20.9 1100 


Dep. | Lat. Dep. Lat. Dep.] Lat. Dep- Lat. Pep. Lat. Dep. Lat.] O 


5 — — — 1 — 


63 Pois. 75 eg. 74 Peg 62 Pome. [73 


96.0|24-1195-6 25.6195.2 127-3947 28.7 PE 94-24 30-64 99 


Peg. 72 Beg.“ ® 
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- 


. 
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2 


3 
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19 A Tas LE of Dion 
| { 
| S 19 Deg. | 1 zPoint.120 Deg.)21 Deg. 22 Deg. |2 Point. | S 
Lat. Dep | Lat. |Dep, Lat. I Dep.] Lat.] Dep.] Lat, | Dep. | Lat.] Dep. 5 
100,6 0. 3 oO. 9 oO. 3 ſoO. 9 oO. 300.9 oo. 4400. 9 oO. 4 [00.9 o 1 
201.9 [o. 501.9 oO. [of. 9 [o. 701.9 oO. 7 o. 8 oO. 7 ot. S oo. 810 21 
4 | 02.8 01. 02.801. 0 [oz. 8 fol. oſoz. 8 [of. oſoz. 801. 1102.8 [of. 11 3 
403.8 01. 303.801. 33.8 [1.43.7 01. 403.7 [01.5 [03.7 [01.8] 4 
504.7 01.604.701. 7 [04-7 01. 2004.7 o1.8104.6 01.9 oa. 01.9 5 
2 05.7 01.9 O5. 6 oz. o ſos. 6 [Oo. oſo 5. 6 [oz. [o 5. 6 [02.2 05. 5 [02.3 — 6 
706.6 oz. 306.6 [02.4 06. 6 02. 406. 502. 846. 5 [02.6 06. 5 ſo2. 77 
$ [07.6402.6]07.51] 02.7 o. 502.77. 5 02.907. 4403. [o. 4 03.1] 8 
908.5 02.9 08.5 oz. o ſo8. 5 o. 1008. 403. 208.303. 4 [08.3 03. 449 
Dees ez ze e- aeg Ege [29:2 03:3] 10 
1110. 403.6 10.403. 7 [f. 3 oz. 310.303.910. 2 04. 1110.2 [04.2 11 
1211.3 J03.9 17.3 04.0 [. 304. 111.204.311. 104.5 1. 104.6 12 
1312.3 04. 212.204.412. 204. 412. 104.72. 004.9 12. o og. of 13 
1473.2 04.613. 204.7 f 3.204.813. 1005. 013.005. 212.9 [o5. 4] 14 
1514. 204.9 14.15-14.15 114.005.401 3.9 05.6 13.9 [05.7] 15 
1615. 105.215. 105. 415.005. 414.905. 714.8 C6. 0 14.8 [o. 1 16 
1716. 105.5 16.005. 7 16.005. 815.906. 115.8 06.418. [06.5 17 
1817. 008.916.906. 116.906. 3016.8 06.416.706. 7 16.6 [06.8 18 
19 18.006. 117.906.477.906. 8017.7 06. 817.607. 117.6 [0.3 19 
2018.9 06.5 18.9 06.7 18.8 06.818.707. 218.5 [07.5 18.5 07.6 20 
2119.9 06.819.810. 119.70. 219.6 07.519.579 | 19-4 58.0 21 
2220. 80%. 220.70. 420.7 | 0745]20.5; 07.920.408. 220.3 [08.4 22 
23 21.70%. 21.0%. [21,6] 07.9121. 5108, 221.308.621. 08.8] 23 
2422.70. 822.608. 1022. 508. 2022.4 08.62 2.209.022. 2 [09.2 24 
2523.6 08.7123. 5 08.4 23.5 98.523.392. 23-2109.4 | 23-1 09.6] 25 
"26124.6j08.5|24.5|08.8|24.4|08.9/24.3 | 09.3]24.1}09.7 |24.0[09.9] 26 
2728.5 08.825.409. 125.409. 2025.2 09.725. 0 10. 124.9 [10.3] 27 
28 26.509. 126.409.426. 09.626. 1 10. o 26.0 10.5 25.9 10.7] 28 
2927. 409.427.309.827. 209. 927. 1 10. 426.9 10.9 26.8 11.1 29 
30 28.409. 828.210. 128.2 10. 3028.0 10.72.81. 222.) [11.5 30 
37 29.3 10.1 29.2| 10.4 29.1 10.628.911. 1128.7 11.6 28.6 11.9] 31 
321 39-3] 10.4 | 30. 10.8 30. 1] 10.929. r| x1, 5129.7] 12.0 |29.6[12.2 32 
3331.2 10.731.111. 1031.0 11. 3030.8 11. 830.6 12.430. 512.6 33 
341 32-1|11.11 32.0] 11.5131.,90 11.6131,7| 12.2031. 5 12 31.4130 34 
F [0p] 2:9 3h 7 [Une 3nL0t 135e3 $rde41 35 
36] 34-0|11.7| 33.9] 12.1133.8 12.313 3-6 j 12.9/33-4 TH 33˙3 13.8 36 
32135˙012.134·812534·812˙634˙513. 334.3 13.934.214.2 37 
38135-9 12.4| 35-3] 12.8 [35.7 13.0135-5 | 13-6,35.2 14.2} 35.1114.5] 38 
3936.9 12.6 36.713. 1036.6 13.3136.4 | 14.0136.,2[14.6|36.0[14.9] 39 
401 37-8113-01 37-7] 13-5[37-6f 13-7137-35 14. 337-1] 15-0 36.9]15-3] 40 
414 38.8113.3]38.6]13.8138.5 14.0138.3 14 7:38.00 15.31 37-9} 15.7] 4i 
4239.7 13.7 39.5 14+1139.5| 14-4139.2 115.1138.91 15.7} 28.8[16.1] 42 
43140. 714.0 40.5 14.5 40.4] 14.740. 115.439.9167 39.7] 16.5] 43 
4441.7 14.31 41-4] 14,8]41.3] 15.0541. 15 8.40.8 16.5 40.616.811 44 
4542.6 14.6424 15.2 42.301442. 0 16.14 1. 41.7 16.8141.6$17.2] 45 
40[43-5]15-0143-3] 15-514 Þ31] 15+ 15-7/42-9 16. $:42.6}17.2[42.5|17.6] 46 
4744.415344. 215.8 44.2 16. 143.9 !16.8143.6]17.6]43.4] 8.8 47 
4845.4 15.6 45.2 16.2 4 5. 1 16.444. 8 17.2044. 5 8.044. 318.4 48 
4946.3 15.9 46. 116.5 [46.0 16.804.717. 6145-4 18.3 45.318.749 
50 147.7 16.3 47-1 16.8147.0 17.1 46.7, 17-9 46.4 18.7 46.219. 1 50 
js Dep.] Lat Dep. Lat, Dep. Lat. Pep. 1 Dep. Lat. Dep. Lat — 
6 Z Point. yo Deg.lbg Deg.j68 Deg. 6 Point.] 


PF 


e 


I CY 2 1 


of Latitude and Departu 


re. 


28.3 
28.6 
29.0 
29.6 
29-9 
30.3 


48 0 
49. 0 


30. 6 
39-9 
31.3 
31.6 
31.9 
32.2 
| 32.6 
Lat, 


90.4 
91.3 
92.3 
93.2 
94.2 


11 3 Point. 
. Lat, 


Dep. 
17.2 
17.9 
18.2 
18.5 
18.9 
19.2 
19.5 


Dep: 


Lat, 
47+9 
48.9 
4.9.8 
50.7 


71 Peg. 4Point. 


20 Deg. 


Dep. 
17.4 
17.8 
18.1 
18. 5 
18.8 


21 Deg. 


Lat, 
470 
48.5 


Dep. 


18.3 
18.6 


19.0 


22 Deg.'2 Point. 


— — 


Lat. 
＋7˙3 
48.2 


49.3 
50.1 


Dep. Lat. 
19.1 47˙1 
19.4048. o 
19.8049. 0 


20. 2149. 9 
29. 6150.84 


Dep. 


—— — 


37.1 
37+5 
37.9 
38.3 


6 Point. 


Lat. | 
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A TABLE of Difference 


O 09089 ES 8 . vd 
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23 Deg. 


Tat. Dep. 
JJ ng 

01.8 00.8; 
02.8 01.2 
03.7101. 6 
04.6 01.9 
95.502. 
06.4 02,7 
97·4% 
08.3 03.5 
09. 203.9 
10. 1104.3 
11. oog. 
12.0105. 1 
12.905. 5 
13.8 loc. 9 
14.706. 2 
15.606. 6 
16.60. o 
17.507. 4 
118.4{07.8 
19.3 08.2 
20.208. 6 


10 


09.8 
10.2 
10. 5 
10.9 


09.0 
09.4 


01.8 
02.7! 
03.6 
O4. 6 


06.5 


oO. 8 
01.2 
01.6 
02,0 


02. 4 


06.4 


08.2 
09.1 
10,0 
11.0 
11.9 
12.8 


33:7 


14.6 
15.5 
16.4 
17.4 
18.3 
19.2 
20. 1 
21.0 

21.9 
22.8 


23.7 
24.7 
2 5.6 


26.5 


27-4 
28.2 


FJ 29.2 


30.1 
31.1 
32.0 


32.9 
33.8 


02.8 


93.7 
oA. 
04.5 
o4. 9 
0543 
05.7 
06.1 
05.9 
bud bet. 
07+7 
08.1 
08.8 
08.9 
9199 •3 
09.8 
10.2 


10. 6 
11.0 
11.4 
11.8 


12.2 


12,6 
I3.C 
13.4 
13.8 
14.2 
14.6 
15. 
15.4 
15.9 
16.3 
16.7 


17. s 


17.5 


17.9 
15-3 
18.7 
19.1 
19.5 
19.9 
2823 


Lat. 


01.8 
02.7 
03.6 
04.5 
0544 
06.3 
07.2 
08.2 
69.1 
10. o 
10. 
11.8 
12.7 


13. 6 


14.5 
15. 4 
16.3 
17.2 
18.1 


19. 


19.9 
20.8 


2 ND 
8 — 
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0e 
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24 Peg. 25 Deg. 
Lat. Dep. Lat. 


400. 9; 00. 4400.9 


Dep. 


oo. 4 
00.8 
QT, +3 
01.7 
O2. 1 


— — 


02. 5 
O3. c 


03.4 
03, $1 


04.2 
04.6 
O51 
05. 5 
05.9 
06.3 
06.8 
07.2 
07.6 
O8. o 
08.4 
08. 9 
09.3 
09.7 
10.1 
10. 6 


— q 


11. 0 
11.4 


11.8 
12.3 
12.7 


13.1 
13.5 
13.9 


8154.4 


14.8 


15.7 


15.6 
16.0 
16.5 
16.9 


17.3 
17.7 
18.2 


19.0 


19.4 


6119.9 


20.3 
20.7 
21.1 


Ps Lat. 
g 65 Deg: 


13.6; 


Lat, | 


— — 


oo. 
01.8 
02.7 
03.0 
wares 
O 5.4 
06.3 
07. 2 
08.1 
09.0 
99.9: 
10.8 
[1.7 
12.7 


14.5 
15.4 
16.3 
17.2 
18.1 


19.0 
19.0 
20.8 
21.7 
22.6 


2345 
24-4 


40.7 


41. 77 19. 7 
42. 20.1 
43-4 {205 
44.3 
45-2 


Dep. 


| 13.3 


116.7 


118.0 


38.9 
18.639.818.8 


Dep. 

oo. 4 
oo. 
01.3 
01.7 
02.1 


02,6 
03.0 
03. 4 
03.3 
24:3 
04.7 
05.1 
o 5. 6 
95.9 
09.4 
00.6 
07.3 
97.7 
O8. 1 
OB, B45 
og. o 
09-4 
o. 8 
10.3 
10.7 


— — 


11.1 
11. 5 
12.0 
12.4 
12.8 


137 
14.1 
14.5 
15.0 


15.4 
15,8 
16.2 
17. 17.413 5•0 
17.5 


18. a 


19.2 


L 
00.9 
01.8 
02.7 
03.6 
bes 
0544 
06.3 
07.2 
08.1 
09.0 
99.9 
to. 8 
11.7 
12.6 
1255 
14:4 
15.3 
16.2 
17.1 
13.0 


——— 


18.9 
19.8 
20.7 
21,6 
22.5 
23-4 
24-3 
25.2 
26.1 
27.0 


— —— 


27.9 


28.8 


29.6 
30. 6 
31.5 
32. 4 
3392 
34-0 
[$353 
35˙9 
36.8 
37+7 
38.6 
39+5 


40.4 


41.3 
42.2 


93.1 


20. 9 
21.4 


Lat. 


44-0 
44.9 


Let. Pep. 


122 Point. 20 Peg. 


Dep. 


00,4 
00.9 
01.3 
01.7 
02.2 


— — 


02,6 
03.1 
03.5 
3.9 
4 
04.8 
0543 
05.7 
06.1 
06.6 


07.0 
07.4 
07.9 
08.3 
08.83 
09.2 
©9.9 
10.1 
10. 5 
11.0 


11.4 
11.8 
12.3 
12.7 
13. 1 


13.6 


I4.0 


I 4.4 | 


14.9 


— 


15.8 
16.2 


16.6 


17.1 
225 
18.0 
18.4 
18.8 
19.3 


19:7 


20.2 
20.6 
21.0 
21.5 
21.9 


Lat. 


—— —— .” - 


We 


> ww MY 


5 2 Point. 64 Deg. 


© co ot 


* * 


. 
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— A 


Dielen... 


of Latitude and Departure 


— 424 Peg. e895 Deg. 27 Point. 


26 Deg. 


Lat. 

46.62 
47+5 
48 4. 


49+3 
50.2 


82.1 
53.0 
53*9 


_ 


1 
I N 


125 


Lat. 

7140.2 
1147˙1 
48.0 


43.9 
— . 


Dep. 


21.5 


7 $0 


5169.6 
7. 5 


Lat. 


46.1 
47.0 
4.79 
48.8 
49:7 


Dep. 


21.9 
22,2 
22.7 
23.1 
23.5 
23.9 
51.5 

52.4 
53˙3 
8.4 54.2 
55.7 
56.0 
56.9 
57-9 
58.8 


59˙7 
60.6 
61.5 
62.4 
63. 
64.2 
65.1 
66.0 
56.9 
67.8 


68.7 


24.8 
25.2 
25.6 
26,1 
26.5 
26, 9 
27. 4 
27.8 
28.2 


29. 
29.5 
29-9 
30.4 
30. 8 
31.2 
31.6 
32.1 


32.5 
32.9 
33+3 
71.44 33-8 
72-3] 34+2 
73+2\ 34» 34-6 
74-11 35-1 
75.0 - + 
75-9) 
76. 8 


24. 40 51.2 


28.606 


77˙7 
78.63 


42.2 7 
Lat. 


Lat.! 
45.8 
$57 
47.0 
48.5 
49-4 
50.4 


82. 
33-0 
E 
54.8 
5547 
56.6 
57.5 


28-5157:9 


32.06 5. o 


3133. 33.3057 7 


33257 


Dep. 
2243 
22.8 
23.2 
23.7 
24.149. o 
24.549 ˙9 
25.0150. 8 
25.451.7 
25.9152. 6 
—— 255 
26.7544 
27.255. 2 


27.6156.1] 


28.0157. o 


28. 958.8 


29.4459.7 
29.8060. 6 


30.261. 5 


30. 762.4 


31.1103.3 
31.664. 2 


32.46 5.9 
32.9056.8 


68.6 
34.2069. 5 
34.6070. 4 
223 
354517 2-2 
35+947 Je] 


3347 


61 30.4174.0] 


39.8,74.8 


3578175 


42.3 


9175 


$9.0 
89.9 
Dep. | Lat. 


38.1177+5 
38.6,78.4 
39. 0579. 3 
39-2 4.80. 2 
39-8 $1.1 
40. 3182.0 
40. 8182.9 42.2 
. 2083. 8 
47.6) 84. 6 


= 1185.5 
42.586. 4 
43.0187. 3 
148 
43.8 81 89.1 
Lat. Dep.| Lat. 


AF 52 Poe 1 Deg, Deg. 63 Deg. Deg. 


4247 
43-1 
4.3.6 
4440 
44:4 
44-9 
45.4 


Lat. 


»üä—ẽOHA— 


— eo wt. 


i 


A TABL E of Difference 


-yid 


N — — 


7 | 
E 00 3 8 * 


00.9 
01.8 
02.6 
03.5 
94-4 
05.5 
06.2 
07.1 
07.9 
08.8 
09.7 
10. 6 
11. 5 
12.3 
1 32 
14.1 
15. o 
15.9 
16.8 


17.6 


18.5 


19-4 
20.3 


21.2 


22.0 


22.9 
23.8 
24.7 
25.6 
26.5 


27.3 


28.3 
29.1 
30. 
30-9 
31.7 
32.6 
33˙5 
34-4 
35:3 
36.1 
37.0 
37-9 
38.8 
39-7 
40.6 


1141.4 


42.3 
43.2 
44.1 


"oo 


2 Point. 
. | Lat. 


Dep, 
oO. 5 
oo. 
01.4 
01.9 
02.4. 
02.8 
03.3 
O3. 8 
04.2 


47 


05.2 
05.6 
06.1 
06.6 


07.1 


5 3 Point. 


—— Md 


Lat. 
oo. 
01.7 
02.6 
03.5 
5 
05.2 
06. 1 
07.0 
07.9 
08.7 
09.6 
10. 5 
11.4 
12.2 
13.1 
14.0 
14.9 
15.7 
16.6 
I7:5 


118.4 


19.2 
20.1 
21.0 
21.9 


— — 


22.7 
23.6 
24+5 
25-4 
26.2 


27.1 
28.0 
28.9 
29.7 
30.6 
31.5 
32˙4 
$3e'S 
341 
35.0 


35.8 
36.7 
37.6 
38.5 
39-3 
40.2 


29 Deg. 30 Deg. za Point. 


Dep.] Lat. 


oO. 5100.9 
O1. oſo 1.7 
01,4j02.6 


01.9 
02.4 
02.9 
03. 4 
03.9 
04. 4 
04.8 
05.3 
05.8 
06.3 
06.8 
07+7 
08.2 
8.7 
09.2 
pans 
10. 2 
10. 7 
11.1 
11.6 
12.1 


12.6 
13.1 
13.6 
14.1 
155 
15. 0 
15.5 
16.0 
16.5 
17.0 
17.4 
17.9 
18.4 
18.9 
19.9 
20. 4 
20.8 
21.3 
21.8 


03.5 
5 
05.2 
06.1 
07.0 
07.8 
08.7 
09.5 
10. 4 
11.3 
12.1 
13.0 
13.9 
14.7 
15.6 
16.4 
17:3 
18.2 
19.0 
19.9 
20.8 
21.6 


22.5 
23· 4 
24.2 
251 
26.0 
20.8 


27.7 
28.6 
29.5 
30-3 
31.2 
32.0 
32-9 
33-8 
uy 
35+5 
36.4 
37.2 
38.1 


39.0 


22.3 
22.8 
23˙3 
23˙7 
24.2 


*| Lat* 


7.160 Deg. 


39.8 
40.7 
41.6 
42.4 
43-3 
Dep. 


Dep.] Lat. 


oo. 5 oo. 
oI. oſo 1.7 


of. 5102.6 
oz. oſo3. 4 


o2. 504. 3 


03.0 05. 1 


04.0 
o4. 5 
05.0 
95.5 
O6. o 
06. 5 
07.0 
075 
O8.0 
o8. 5 
09. 
09.5 
1o. o 
10. 5 
II. o 
1 1.5 
12.0 
12. 6 


13. 
13˙5 
14.0 
14.5 
15. o 
15.5 
16.0 
16.5 
17.0 
7.5 
18. o 
18. 5 
19.0 
19-5 


20.0 


20. 5 
21.0 
21.5 
22.0 
22.5 
[23.0 
23.5 
24. 0 
24˙5 
25. 0 


Lat. 


03.5106.0 


06.9 
07.7 
08. 6 
09-4 
10.3 
11.1 
12.0 
12.9 
1347 
14.6 
15.4 
16.3 
17.1 
18.0 
18.9 
19.7 
20. 6 
21.4 
22.3 
23.1 


24.0 


24.9 
25.7 
26.6 
27.4 
28.3 
29.2 
30. 
30.9 
31.7 
32.5 
33·4 
245 
35.2 


36.9 
377 
38.6 
395 
40.3 
41.3 
42.0 
Dep. 


5 2 Point. 


36.0 


Dep. 
00.5 
01. o 
01. 5 
02.1 
02,6 


03.1 
03-6 
O4. 1 
04.6 
05.1 
05.6 
06.2 
06.7 
07.2 
08.2 


09.2 
09.8 
10.3 


10.8 


— — 


08.7 


— 


| S 
75 
7 
2 
3 
4 
— 
6 
7 
8 
9 


10 


1 —__ — * — _u_—_._ 


8 | 2 


of Latitude and Departure. 


| 


28 Deg. 24 Point. 2 Z Point. 


— 


— 


— 
* A as. * R VERS COS Y 


2 
P 


Lat. 
45-0 
4549 
46.8 


47+7 
4.8.6 


44.6 
45.5 
46.3 
47.2 


49. 
49.8 
50.7 
51.6 
2.5 


7153˙3 
2054.2 


551 


256. 0 
5156.8 


48.1 


29 Deg. | 
| Lat. 


pom 
24.7 
25.2 
25.7 
26.2 


Lat. 


Fry: 
44-6 
45-5 
46.1 
48.0 
48.9 


Dep, 


26.2 
26,7 


: _ —— OS ICE 


O0 
2 


| 


| GO 


A TA BLE of Difference | 


19 
E 
* 


— 


32 Deg. 33 Deg. 3 Point. 34 Deg. Deg. | S 
Lat, | Dep.] Lat.] Dep. Lat, Dep Lat. | Dep. Dep. | © 
11 00.3 | 00.5] 00.8] 00.5! 00.8 |00.6þ 00.8 | oo. b 00.6] 1 
2101.7 |ol.1ol.7[o1.1! 01.7 [o. o. 7 for.) 01.24 2 
3102.5|o01.6{02.5] 01.6! 02.5 [o. 702.5 ol. 7 o18] 3 
4403. 402. 103.4402. 2403.3 [02.2103.3 | 02.2 02.3] 4 
| 5104.2 |02.6} 04.2] 02.7] 04.2 |02.8]04.1f 02.8 02.9 5 
6105.1|03.2]05.0]03.3} 05.0 [o3. 3105. 003.4 03.5 6 
705.903.705.903. 8105.8 [o3. 905. 803.9 04.1} 7 
806.8 [o4. 206.704. 44 06.6 04. 4406.6 04.5 04.7 3 
9107. oa. 07.51 04.9} 07.5 [o5. [0.5 os. o 05.2] 9 
1008.5 O5. 3 108.4105. 4408.3 [05.6j08.3] 05.6 05.9 
1109.3 |o5.8[09.2 06.04 O9. 106. 109. 106.1 06. 5 
12| 10.2 [04.4] 10.1] 06.5} 10.0 06. 709.9 06.7 07.0 
13] 11.0 06.9 10.9] 07.1] 10.8 0%. 2 10,8] 07.3 07.6 
11.9 0%. 4 11,70%. 6 11.6 0%. 811.6 07.8 108.2 
I2.7 [O. 9 12.608.212. 5 08.3 12.4 | 08.4 03.8 
13.6 fo.5|13-4|08.7j 13-3 j08-9{13.3{ 08.9 29.4 
14.4 tog,of 14. 309. 314.109.414.109. 5 10.0 
15. 309. 515. [o. 8 15.0|10.0{14.9] 10. 10.6 
16. 110. 115.9 10. 315.810.615.710. 11.2 
17.0 10.6 16.8 10.9 16.6 11.115.617. 2 11.8 
17.811. [7.61144 17.5[ 11.717.411. 12.3 
18,6|11.7]18.5| 12,0] 18.3 12.2118.2| 12.3 12.9 
19.5 12.219.312. 19.1} 12.8]19.0| 12.8 13.5 
20.3 112.729.113. 1 20,0] 13.Jj19.91 13.4 14.1 
21.213.221. 13.6 20.7 13.920.714. 0 14.7 
22 013.821.814. 2021.6 14.421.514. 5 15.3 
22,9|14.3}22,6|14.7]22.4]15.0{22.4| 15! I5.9 
23.7 |14.8]23.5] 15-2] 23.315.523.2 15.6 16.5 
24.6115.4}24.3] 15.8] 24.11 16.1]24.0] 16.2 I7.0 
-,4}15.9125.2|16.3] 24.9 16.7 24.9 16.8 17.6 
20.3 16.4 26.0 16.9 25.8} 17.2 25.7 17.3 18.2 
7. 117.0 206.817.426.618 17.8 26.5 17.9 18.8 
28.017.527. 718.00 27.4] 18.3j27.4j 18.4 19.4 
28.8 18.028.518. 28,3]18.9| 28.2 4 19.0 20.0 
29.7118.5{29.4| 19.1] 29,1] 19.4[20.0| 19.6, 20.6 
38.5 19.130. 219.66 29.9 20.029.820. 21.2 
31.419.603 1.0 20. 10 30.8 20. 6 30.7 20.7 7 
32.2 20.131.920. 3.621.131.4212 2.3 
33.4 20.7 32.7 21.4 32.4 21.2 32.3 21.8 22.9 
Meere 23:5 
34.821. 34.4 22.3 34.122.834. o 270 24.1 
5.0 422:3( 35-2 j22«9] 344942331 34.84 23-5 24.7 
36.5 22.836. 123.435.723.935. 6 2.4.0; 25.3 
37.3 23.336.924. 36.6 24.4 36.5 24.6 25.9 
eee 26.4 
39.0]24.4| 38.0{ 25.0] 38.2 26.5 38.2 25.7 27.0 
39-9 24.939.425. 39.1126. 139.0 26.3 38. 27.6 
40.7 125.4] 40.31 26.1] 39.9 26.7 49.3] 26.8} 29. 23.2 
41.5120.0]41.1f 20.7] 40.7 (27-2140.6} 27.4 23.9 
42.4 j20.5}41.9]27.2] 41.6127.3} 41.4] 28. 9.4 
Dep | Lat. } Dep Lat.] Dep. | Lat. Dep- ] Lat. Lat 
| 58 Deg 57 Deg. 5 Point. | 56 Deg. | 54 Deg 


—_— 
- 


"7 Latitude 410 — | | 199] . 
&.32 Deg.'33 33 Deg.\z P Point. 34 Deg.13 S 
P at, Dp. Lat. Lats Dep. Lat ſber Lat. Lat. | Dep, Lat, Ss | Lat. 1 4 
51 43˙ 27 002.8 27. 27.842. 428.3 42.3 28.5 41.81429.2 141.3] 30.0] 51 
52. 44.11 27-614.3.6;28.314.3-2128.9|4.3.1129.1142.6 29.8 [42.1 39.6] 52 
53 44-9} 29.1 44-5|28.9 44-1 29.4 43-9129-0143-41 304 42.931.253 
54. 45-81 28.01 4.5.3 129-4144+-91 30.0! 44.5 39.2 1442 31.0 043.7 31.7154 
eee eee 
50 47.529.747. 30.5 46.63 7. 046.431.3459 32. 45.30 32-9] 56 
57 48.3 30. 2047.8 31.047.431. 47·30 31.9 46.7 32.7 146.1] 33-5] 57 
| 5849.2 39-714$.7j31.6|43.2ſ32.2143.1} 32.4 147-5! 33.3 [40.9] 34-1 58 
59 50.0 31-3149.5{|32.1149.0132.3;43.9133.01483j 33.3 147-74 34-7 59 
Lo! 50.91 31-$1 50-31 32:7149-9133:3/ 49-7 133:5149:11 34:4 [N= 
O1- 51,7] 32+3; 51.24 33-2 5737. 915.6 34.150 034.9 49.3J35˙9 61 
62 52.632.952. 0 33855 34.48 T. 434.7 50.8 35.6 {50.2 36.4 62 
| 63 53-4} 33-41 52:9 | 34+3 52-4435, 052.2 35˙3 $1.6136.1i51.0 37-0] 93 
64; 54-34 33-91 53-7 134-9] $3-2835-51 53-1] 35-${52-4t 36.7 {51.8937.6] 64 
65155-11344! 54:51 35:44 54-54 36-11 52.9} 36.3 $3-27 37-34 52-6] 38-1} 65} 
62 i $6.2, 35-9} 55-3 | 35-9} 54+9339-7{ 54-71 39.91 54-11 37-9 53-44 3.33 bd 
6750.3} 35-51 55.2} 36-54 55-7 37-21 55-54 374515449: 39-4. | 54+2] 39-4} 67 
68 157-75 30-0,57-01 37:01 50-5137-8 56.438. 55,7 39/0 55.40. 0 68 
99 58.53. 57-9 {27-61 57-4 35 a} $7.2133.6 50.5;.39-61 55: 40.6 ogf 
79459 41-3741] 52-7 35.) 58.2 38.9 39.04 39-1 [$7:3140:17 50.6 41-7 79 | 
715.2 37-61 59.9 38-74 59-0 439+ +1 55-91 39-7 5. 2 40. 550475 71 
2401.0} 38. 1 60.4 39.2 9.940. 059.7 49.2 39:0741.3;58.2 42.3] 72 
7361.9 33.7] 61.2 39-810-.7140.6]00.5: 40.8} 59.814.1.9159.1142.94 72 
7462.7 ir 40.61.41 067.3 41.450.642. 59.943. 74 | 
75 ;03-5]39-7162.9 $0-8162.4147-7162-2;41.9161-1143.0,60.7; 44-1 75} 
70 [64.41 40.3 63.8 Fee Fog 42.2 53.0 42.5 62.3 43.661 5144.7 761 
77 155-3] 40.8! 64.5] 41.9104.0142.8; 03.3; 43,0163-114.4.2162.31 45.3 77 
7866.141365. 42.64.43.3064˙7 4364639 44.7 163.1; 45.8] 78 
79 |07-0}41.9, 00.3 43-0 65-7 143-9 05.5: 44-2194+7{45+3 103-91 45.4} 79] 
80 67.8142 4167.1 43-6496-514.4-4 99:31 46-7194:51 45:9 106-71 47.0] 207 
8168.742.91 68.044. 167.345. 0 67 7145˙¼3 66.4 45 5165.5147.61 81 
8269.5 43-4 93.8 44.7 68.245. 5$.0, 4.5.8 67.2/47.0;05.3148.21 $2} 
$3470-4{44.0; 69.645.269 046. 168.846.468.01 47.667. 148.81 $3 
8471.2 44.570. 54.81 69.846.7 69.6 47.0 68.8 48.2 58.0049.4] $4 
$5] 2.1145.0'71-3 46.30 70-7 147-2 79-5; 47-3]169.6 48.8 63.8 50.0 85 
80 72 9 eb 72.1149.3}7i-5[47.8]71.3' 48.1 | 70. 5.49.3 69.6 50.5 86 | 
$7 [73-$}46.1} 73-9} 47.572.348. 372. 148.671.349.970. 451.7 87 
$3174-0]46.91 73.8 j 47.947 3-214 3.9] 72-9 49.2 e [7 E-31 $027 88 
| £9475-5]47-2 74-7} 48-5174-0149-4173-5 4872.9 51.072523 39 
92175:3147-71 75-5149 4745150:0174.5} 59:3173:7|$1-6172-B1 52-94 90 
i [772138721 76-31 49:80 7557 59.6475-4.,50-9 174-5; 52.2 73.553.591 
9278 048.777. 2 50.1]76.5}51.1 76.3 51.475.4 52.3 (74-4) 54-1 92 
9378.9 49.3078 50.677.35½¼½77152.576.2 53.3175-2j54-7] 93 
94 179-74 49-81 78-91] 51-2175-2152-2177-9. 52-6177.0. 5397.055294 
e 
96 181.4 50.9! 80.5 $2-3j79-$}53-3179-9|53-7{78-0;55-1{77-7j50.44 96 
97 48243} 51.4}$1,4j 52.8; 80.653.9 20.4, 54+2179-5: $5-0178-5157.0] g7 6h. 
98 j33.1|51.9182.2 |53.4)$1.5}54.4481.2:54.8:80.3' 56,2179.3{ 57.6] 98 i 
:99 84.0 52.5 83.1 53.9] 82.35 5.00 82.1 55.4 81.1 56.8 80. 158.2 99 15 
100 [$4.8151.0183.9]54-5|83-0{55-5182.9 5.981.987.4899 58.8100 1 
w Dep Lat: Dep: | Lat. | D-p Last. Dep. | Lat. Dep. Lat. Dep: 555. Lat. Lat. ds 
Fas 58 Deg.\57 Deg. {IN ont. [52 1 Deg. 55 Deg. 54 5+ Deg: ” a 


hed anc 


2 


4 A TABLE of Difference 
37 Deg 138 Deg. Dow: 39 Peg. z ! Point. 40 Dog 
. | Lat. Dep.] Lat. Lat. | Dep. Lac, | Dep,;Lat, Pep. Lat. ep 
| 5] 00.8] 00.9] 00.8 j 00.6j 00.8 | 00.7;00.5 | 0.06;00.8 | 00.6 
1 01.6101. 201.601. 201.5 01. 301.501. 3001. 5 or. 
| 02.4|01.8102.,4j01.8} 02.3 ol. 9 oz. 301.902. 301.9 
'4 03.2402'4|03.1f02.51 03.5 [oz. 503. 102. 503. 102.6 
| 04.0] 03.0|03-9 | 03.1] 03.9 [o. 13.9 03. 203.803. 2 
| 04.gt 03.6] 04.7 | 03.7] 04.0 [03.9Þ4-6] 03.8104.9 | 03.9 
05.04j04.2]105.5 04-3} 05-4 [04444054] 04.410 5:4] 0445 
06.4 | 04.8] 06.31 04.9] 06.2 }o5.of06.2]og.1jo0b.1] 05. 
07. 205. 4407. 105. 506.9 [o. 77. o O5. 706.9 [ 05.8 
O8. 0 o. o. 07.9] 06.2 07.8 06. 307.706. 307.7 [06.4 
08.81 06,6] 08.7] 06.8j 08.5 o. 9 O8. 5 oy. oſo8. 407.1 
09.9 07.21 09.4.4 07.41 09,3 [07549943 | 07.6109.2 | 07.7 
10.40%. 8 10.208. 1 10,1 08.210.008. 210.0 o8 4 
11 208.4 17.0 08.7 10.9 [o8. 810.8 | 08.9|10.7 | 09.0 
12.009. 0 11.8 [9.3.0 [09.441 1.609.501 1.5 09.6 
| 512.809,60 12.6 | 09.8] 12.410, 112.4 10.1]12.3 | 10.3 
, a 1 3.6 10.2 13.4] 10.5] 13.2 10. 713. 1 10.8013. 10. 9 
4 3 5 7114.41 10.8] 14.211. 113.9 1.313.911.4138 11.6 
19115/3111. 75.2 11.415.0 11.7] 14.8 12.014.712. 0014.5 12.2 
1 20 16.11.9162 12.0] 15.8] 12.3} 15.5 [12.601 5. 5 12.715.372. 9 
12 16.9 12. 5 16.8 12.6 16.5 12.9] 16.5 13.210.213. 3016.1 13.5 
1 22[17-7]13-1117.6| 13.2] 17.3] 13-5] 17.1 13. 8077.0 14.0 16.8] 14.1 
2318.5 13.7] 18.4 | 13.3} 18.1] 14.217.914. 517.8 14.6j17.6| 14.8 
J 24]19-3j14.34 19.2 |14.4] 18.9 | 14.84 18.6 |15.1118.5] 15.2]18.4 | 15.4 
25 20.1] 14.95 20.0 15.0] 19 715.419.415. 719.315.919. 16.1 
2520.9 15.5 20.3] 15.6 20.5 16.0] 20,2 16. 420.1 16. 519.9 16.7 
| 2721.7 16.1 21.6 16.20 21.3 16.621.017. 020.9 17. 120.717. 4 
2822.5 16.7 22.4 16.8] 22.117. 221.817.602 1.6 1.821.418. 0 
2923.31.30 23-2 17.40 22.8 17.822.118. 322.4 18.422.218. 6 
3024.1 17.924.918. o 23.6 18.5 23.318.902 3.2 19.0023.0 19.3 
3124.9 18.51 24.8 18.624.419. 124.119.240 19.723. 719.9 
3225.7 19.1 25.6 19.3 25.2 19.7 24.9 20. 124.7] 20. 3124.5 20.6 
3326.5 19.7] 26.419.926 020.325.620.825. 5 20.925.321. 2 
| 34] 27-35 20-2] 27-1 20.5 26.8 20.9 26.4 [21.9126,3{ 21.6j26.0] 21.9 
4 35128.1]20.8$]28.9|21.1[27.6j21.5|27.2 }22.0j27.0] 22.2126.81 22.5 
36 28.921 428.721. 28.4 22.2|27.7 |22.7127.8 | 22.8j27.6] 23.1 
{ 37]29.-7422-0]29.5]22.3129.2 22.8 28.8 [23.3128,61 23.5128 3] 23.8 
1 38] 39+5| 22.94 39-3] 22-9129.9 | 23-41 29-51 23-9129.4| 24-1]29.1] 24-4 
| 391 31-3] 23-2] 37-1 23-51 30.7 124.0] 30.324.530. 1 24 729.9 25.1 
4.of 32.71 23-81 31.9 | 24-11 31-5|24.6;31.1125.2130.9 25.4430.0 25.7 
411 32.9]24-4\ 32.74 24.71 32.3]25.2) 31.9 425-8131.7 26,0131.4 26.4 
| 42|33-71 25.01 33-51 25.3] 33-1[25.94 32.6 26.432.526. . 27.0 
431 34-5} 25-6] 34+3] 25:9 33-9 | 33-4 [27-1133-2 | 27-3432-9 | 27-6 
| 44] 35-3]26-2135-11 26.5] 34-7 | 27-11 34-2 $27-7134-0 | 27-9133-7 28.3 
ſ_45j351926-3] 35.9 [27:3] 35:5 eb f 23.5 
{| 46136.9{27-4| 36.7 27.730. 2 28.3] 35.7 129.0j35.6]29.,2!35.2 | 29.6 
| 47137-71 28.0, 37-5129-31 37-0 28.9 30-5 29.6136.3]29.8j36.0 | 30.2 
; 4838.5 28.6 38.3 28.9 37.8 29.5 37.830. 2037. 11 30. 4436.8 30. 9 
49 39-3] 29-21 39-1 129-5 33.6 [30.2 38.1 | 30.3[47.9 | 31.1}37.5] 31.5 
$_501421129:$139-9 130-11 39-4 [30:3 58.9 31:5138-6 [31.7138.3 | 32.1 
1 1 t. Dep. Lat, Dep.] Lat. 1 Lat. Dep.] Lat. Dep · ] Lat: 
N : 4; J Point.| 53 Deg. Deg. 52 . 51 51 Deg. Z Point. 
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8 * 


1 


of Latitude and Departure. 


3 | Point. 


Lat. 


WUWnin}uwoummwuainvuu 
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SECT. VII. 
Of Parallel Sailing. 
1. CQINCE the Parallels of Latitude do always 


decreaſe the nearer they approach the Pole, 


it 1s plain a Degree on any of them muſt be leſs 
than a Degree upon the Equator, Now in order 
to know the Length of a Degree on any of them; 


let PB repreſent half the Earth's Axis, PA a 
Quadrant of a Meridian, and conſequently A a 


5 


— — —— B 


Point on the Equator, C a Point on the Meridian, 
and CD a Perpendicular from that Point upon the 


Axis, which plainly will be the Sine of CP the 


Diſtance of that Point from the Pole, or the Co- 
fine of CA it's Diſtance from the Equator, and 


CD will be to AB, as the Sine of CP, or Co- 
line of C A, is to the Radius, Again, if the Qua- 


grant PAB be turned round upon the Axis PB, 


tis 
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1 / Parallel Sailing. 


tis plain the Point A will deſcribe the Circumfſe- 


"rence of the Equator whoſe Radius is AB, and any 


other Point C upon the Meridian, will deſcribe the 

Circumference of a Parallel, whoie Radius is \®y, Þ 3g 
Cor. 1. Hence (becauſe the Circumferences of 

Circles are as their Rad, as is ealily gathered from 


Art. 74. Sect. 1.) it follows, that the Circumference of 


any Parallel, is to the Circumference of the Equator, 
as the Co- ſine of it's Latitude, is to Radius. 
Cor. 2. And ſince the Wholes are as their ſimilar 
Parts, it will be, as the Length of a Degree or any 
Parallel, is to the Length of a Degree upon the Egug- 


tor, ſo is the Co- ſine ot the . of that Parallel, 


to Radius. 

Cor. 3. Hence as Radius is to the Co- ſine of any 
Ladrade” ſo are the Minutes of Difference of Longi- 
tude between two Meridians, or their Diſtance in 
Miles upon the Equator, to the Diſtance of theſe two 


Meridians on the Parallel in Miles. 


Cor. 4. And as the Co- ſine of any Parallel is to 
Radius, ſo is the Length of any Arch on that Parallel 
(intercepted between two Meridians) in Miles, to the 
Length of a ſimilar Arch on the Equator, or Minutes 
of Difference of Longitude. 

Cor. 5. Alſo as the Co-ſine of any one Parallel is 
to the Co- ſine of any other Parallel, ſo is the Length 


of any Arch on the firſt, in Miles, to the Length of 


the ſame Arch on the other in Miles. 
2. From what has been ſaid, ariſes the Solon 


of the ſeveral Cales of Parallel Sailing, cn art as 


follow. 
CASE 
Given the Difference of Longitude Between two 
Places, both lying on the ſame Parallel, to find the 
Diſtance between thoſe Fact, . 


l | 8 Example 


Of Parallel Sailing. „ 


Example 1. e 


Suppoſe a Ship in the Latitude of 54?, 20 North, 
fails directly Weſt on that parallel till the has differed | 


her Longitude 12%, 457. Required the Diſtance 
| failed on that Parallel. 

Firſt, The Difference of Longitude Fo in- 
to Minutes, or nautical Miles, is 766 „which is the 
Diſtance between the Meridian ſailed from, and the 


Meridian come to, upon the Equator; then to find 


the Diſtance ber een theſe Meridians on the Pa- 


rallel of 549, 200, or the Diſtance failed, it will be, 


by Cor. 3. of the laſt Article, 


As Rds WOW 0 SOHOM000 


is to the Co-fine of the Lat. 54?, 20 - 9.56572 
ſo are the Minutes of Diff. Long. 765 - 2.88366 
to the Diſtance on the Parallel - 446.1 - 2.64938 


Example 2. 
A Degree on the Equator being 60 Minutes, or 
nautical Miles. Required the Length of a Degree 
on tlie Par allel of 519, S's 


By Cur. 3. of the laſt Article, it will be 


As Raine * - — _ _ 3 FR 2 | 10.00000 


is to the Co- ſine of the Lat. 51%, 3 9.79383 


ſo are the Min. in 1 Deg on the Equa bo - 1.77815 
o 34372 - 157198 


the Miles anſwering to a Degree on the Parallel of 


51, 32“. 
wy 5⁰ 
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By this Problem the following Table is conſtructed; 1 
ſhewing the Geographic Miles anſwering to a Degree 
on any Parallel of Latitude; in which you may ob- 
ſerve, that the Columns marked at the Top with D. IJ. 
contain the Degrees of Latitude belonging to each 
Parallel; and the adjacent Columns marked at the 
Top, Miles, contain the Geographic Miles anſwer- 
ing to a Degree * theſe Parallels. 


A. Table ſhewing bow many Miles anſwer to a Degree 
of - Longitude, at every Dare of Latitude. 


5.7. Miles D. L| Mike WA Miles D. £. Miles D. L.] Miles 
1 [59:99] 19 150-731} 37 47920 55 [34-40 7317.54 
2 59.97 20 56.380 38 147 280 5633.55 74 [116-53 
3 |59.92]] 21 [56.010 39 |46.62}| 57 [32. 68, 75 15.52 
4 59.86 22 55.63 445.95 58 [31.79'| 76 14.51 
959.77 23 55˙230 4! [45 280 59 30 90% 77 [113-50 
659.67 24 [54-811] 42 [44-95 60 [30.90) 2812.48 
7 59.560 25 54.3843 43.88 629.9 79 45 
859.420 2653 930 44 43-16 62 |28. 17 | 80 [110.42 
9 59.26% 27 [53-46] 45 42.43 63 [27-24] 81 || 9.38 
10 59 o8]} 28 52.97% 46 [41.65] 64 [26.30 | 82 || 8.35} 
1158.89 29 52.470 47 10.92 65 [25. 36, 83 || 7-32] 
12 58.68 30 51.96 48 [40 15] 66 24.4184 || 0.28 
1358.40 31 51.430 49 39.36 67 [23-45 | Bg || 5-23 
1458.22] 32 50.880] 50 [38.5768 [22.48 | 86 || 4.18 
15 57.95“ 33 50.320 51 [37-70 | 69 [21.50 87 || 3.14] 
10 57.67 3449.74 52 36 9470 [20.52 88 || 2.09 
7 57.370 35 [49-151] 53 [36-11] 71 [19-54 | 8g 105 
| 18 157.061] 36 148.541} 54 135.20 72 18.55, 90 || 0.00, 


Tho? this Table does only ſhew the Miles anſwer- 
ing to a Degree of any Paralle, whoſe Latitude con- 
fiſts of a whole Number of Degrees ; yet it may be 
made to ſerve for any Parallel, whoſe Latitude is 
ſome Number of Degrees, and Minutes, by making : 
the following Proportion, viz. 

As 1 Degree, or 60 Minutes, is to the Difference 
between the Miles anſwering to a Degree in the 
next greater and next lels Tabular Latitude than 


that 
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that propoſed, ſo is the Exceſs of the propoſed 
Latitude above the next tabular Latitude, to a 
proportional Part; which, ſubtracted from the Miles 
anſwering to a Degree of Longitude in the next leſs 
tabular Latitude, will give the Miles anſwering to a 
Degree in the propoſed Latitude. 5 


Example. 


Required to find the Miles anſwering to a Degree 


R 


Firf, The next leſs Parallel of Latitude in the 


| Table; than that propoſed is that of 569%, a De- 
gree of which (by the Table) is equal to 33-55 


Miles; and the next greater Parallel of Latitude 
in the Table, than that propoſed, is that of 57% 


a Degree of which is (by the Table) equal to 32.68 


Miles; the Difference of theſe is . 87, and the Di- 


ſtance between theſe Parallels is 1 Degree or 60 
Minutes; alſo the Diſtance between the Parallel of 


56, and the propoſed Parallel of 569, 44' is 44 
Minutes; then by the preceding Proportion it wilt 


be, As 60, is to .87, ſo is 44, to. 638, the Diffe- 
rence between a Degree on the Parallel of 569, and 


a Degree on the Parallel of 569, 44/, which there- 


fore taken from 33.55, the Miles anſwering to a De- 


gree on the Parallel of 569, leaves 32.912 the Miles 


anſwering to a Degree on the Parallel of 56?, 44, 
as was required. | 


CASH 2. 
The Diſtance ſailed in any Parallel of Latitude, or the 


Diftance between any two Places on that Parallel being 


given, to find the Difference of Longitude, 


by Example. 


* 
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Of Parallel Sailing. 


Example, 


| Suppoſe a Ship! in the Latitude of 55%, 36 North 
fails directly Eaſt 685.6 Miles. Required how much 


ſhe has diftered her Longitude. 


By Cer. 4 Art. 1. of this Sefion, it vil be 


As the Co- ine of the Lat. - 555 „ 360 - 9.75202 
is to Radius - - - = 10.00000 
ſo is the Diſtance failed. - 68 2 5 - - 2.83607 


to Min. of Diff. of Long. 1213 - - 3.08405 
which reduced into Degrees, by dividing by 60, 
makes 20%, 13“ the Difference of Longitude the 
Ship has made. 


This may alſo be ſolved by Help of of the foregoing 


Table, viz. by finding from it, the Miles anſwering 
to a Degree on the propoſed Parallel, and dividing ; 


with this the given Number of Miles, the Quotient 


will be the Degrees and Minutes of Difference of 


O 


Longitude required. 


Thus in the laſt Example I find, 1 the fore- 


going Table, that a Degree on the Parallel of 559, 


3& is equal to 33.89 Miles; by this I divide the pro- 
poſed Number of Miles 685. 6 and the Quotient is 
20.13 Degrees, 7. e. 209 3 3 the Difterence of 
Longitude required. 


CASE: 5: 


The Difference of Longitude between tuo Places on the 


ame Parallel, and the Diſtance between them being given, 


to find the Latitude of that Parallel, 
Example. 


Of Parallel Sailing. 


l | 


3805 a Ship ſails on a certain Parallel directly 
Weſt 624 Miles, and then has differed her Longitude 


1885 460 or 1126 Miles. Required the Latitude of 


the Parallel ſhe failed upon. 


By cer. 3. Art. 1. of this Seftion, it will be 


As the Min. of Diff. Long. 1126 3.05154 
is to the Diſtance ſailed - - 024 = 2.79518 
06 et 3 00000 
to the Co- ſine of the Lat. 560, 217 9.74364 


conſequently the Latitude of the Ship or Parallel ſhe 
failed upon was 56, * 


From what has been ſaid, may be ſolved the fol 


lowing Problems. 


PROB. 


Fg 


Suppoſ: two Ships in the U of 46, 


North, diſtant aſunder 654 Miles, fail both aneh 
North 236 Miles, and conſequently are come to the 


Latitude of 50, 46! North. Required their Di- 
ſtance on that Parallel. 


By Cor 5. Art. 1, of this Sefion, it will be 


As the Co-fine of - - 469, go! - 9.83781 


is to the Co- ſine of - - 8075 460 9.80706 
CCCC VV = - bg < 2.81558 
))) > +» >: ß?! 8 


the Diſtance between the Ships * when on the Parallel 


of 509, 46. 
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PROB. . 


Suppoſe two Ships in 8 Latitude of 45%, 487 
North, diſtant 846 Miles, ſail directly Noth "till the 
Diſtance between them is 624 Miles. Required the 
Latitude come to, and the Diſtance ſailed. 


By Cor. 5, 2%. 1: @ this Sefrion, it will be 
As their firſt Diſtance - 846 2.92737 


is to their ſecond Diſtance - 624 - — 2.79518 
16 is the Co- ſine of - - 45%, 48 - 9.84334 
to the Co-ſine _ - - = 59, 04 - 9.71115 


the Latitude of the Parallel the Ships are come to. 


6 "© onſequently to find their Diſtance ſailed, 


From the Latitude come to - - 599, 04“ 
btract the Latitude ſailed from — 5 . 43 
and there remains „ 13 16 


equal to 796 Miles, the Difference of Latitude or 
. led, : = 


„Though in ſolving the Problems in this Section, 
we eve the Earth to be really ſpherical, yet it is 
not ſo, but rather an oblate Spheroid having the Dia- 
meter of the Equator about 34 Miles longer than 
the Axis; which makes the Length of a Degree on 
the Meridian, near the Poles, about a Mile longer 
than the Length of a Degree near the Equator ; and 
the Radii of the Parallels inſtead of being Sines in a 
Circle, will be Ordinates to the leſſer Axe of an 
Ellipſe. Conſequently the true Length of a Degree 
on any Parallel, will ſomewhat differ from it's Length 
on the Suppoſition of the Earth's being a Sphere; 
but this Difference is ſo ſmall, that in all nautical 
_ Caſes it may ſafely be neglected, 3 

* -8 | SECT. 
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) . _ 8 * 


— * — — * — * — 


S E OH. N. 
Of Middle | Latitude Sailing, 


I, * H E N two Places lie both on the ſame 


Parallel, we ſhewed, in the laſt Section, 


how from the Difference of Longitude given, to 
find the Miles of Eaſting or Weſting between them, 


e contra; but when two Places lie not on the 


ſame Parallel, then their Difference of Longitude 


cannot be reduced to Miles of Eaſting or Weſting 
on the Parallel of either Place; for if counted on the 


Parallel of that Place that has the oreateſt Latitude 


it would be too ſmall, and if on the Parallel of that 
Place having the leaſt Latitude it would be too 
great Hence the common Way of reducing the 


Difference of Longitude between two Places, Aying 


on different Parallels, to Miles of Eaſting or Weſt- 
ing, & contra, is by counting it on the middle Pa- 


rallel between the Places, which is found by adding 


the Latitudes of the two Places together, and taking 

half the Sum, which will be the Latitude of the 
middle Parallel required. And hence ariſes the Sa- 
lution of the following Caſes. 


* A 3 E Ez, 


The Latitudes of two Places, and their Difference 
of Longitude, F to nd the direct Courſe and Di- 


france, 
Example. 


Required the direct Courſe and Diſtance between 
the Lizard in the Latitude of 30, oo North, and 
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equal to 1970 Miles of Southing. Again, 


is to the Co-fine of the 


is to Radius 


As Radius ENS ol (Re 
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Longitude of 52, 14 Weſt, and St Vincent in the La- 


titude of 17, 10' N. and Longitude of 24%, 20' W. 


Firſt, To the Latitude of the Lizard - 30 oo N. 
add the Latitude of Sz 9 N 

The Sum is „„ . 9 4 10 
Half the Sum or x chad or 2 = 5 
the middle Parallel is - - 775 1 
Allo the Difference of Latitude is — 32 , 50 


From the Longitude of St Vincent 249, 200 W. 


take the a of the Lizard - 05 , 14 


» 


there remains „19 ,.06 
equal to 1146 Min. of Dif. of Long, Weſt. 


Then for the Miles of Weſting, or Departure, it will 
be, by Caſe 1. of Parallel * 


As Rad GH = << $0,00000 

r 3 
ſo is Min. Diff. of Long. 1146 - - 3.05916 
to the Miles of Weſting 9 „ 97987 


And for the Courſe it will be, by Cos 4. of Plain 


Sailing, 


As the Diff. of Lat. 1970 - — 3.29447 


- = 10.00000 
ſo is the Departure 9667-558 97987 


to the Tang. of the Courſe 2 855 » 5110 = 9.68540 


which becauſe it is between South and Weſt will be 
SSW - Weſt nearly, 


For the Diſtance it will be, by he fine Caſe, 


= - 10.00000 
is to che Dt. of Lat, - 1 970 — 3˙.——4⁰ 
a 0 
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1 is the Secant of the Courſe 25%, 51“ 10.04579 
to the Diſtance - - <= - 2189 - 9.34026 
whence the direct Courſe and Diſtance from the 

Lizard to St Vincent is SS W W, 2189 Miles. 


CASE 2. 


One Lait, Courſe and Diſtance ſailed being given, 
to "_ the other Latitude and Digerence of Longitude, 


Example. 


Suppoſe a Ship in the Latitude of 30, oo” North, 
fails South 50, o6” Welt 150 Miles. Required the 
Latitude the Ship has come to, and how much ſhe 
has differed her Longitude. 


Fi, For the Difference of Latitude it will be, 
by Caſe 1. of Plain e, 


As Radius - = = =  10.00000 
is to the Diſtance - <= - 3 17609 
ſo is the Co- ſine of the Courſe 30, 06“ 9.80716 
to the Diff. of Latitude - 96.22 - 1.98325 


equal to 1“, 36%, and ſince the Ship is failing towards 
the Equator. Therefore, 


From the Latitude ſhe was in 50%, oO 
take the Diff, of Latitulle 1 5 20. 
and there remains = = 1 24 


the Latitude ſhe has come to North. 3 
1 


Then for Departure or Weſting it will be, by the 
fame Caſe, 


P 4 ©: +: 


the Latitude of the middle Parallel will be 49 5 
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As Radius - - - =- += _- - = *10.00000 
is to the Diſtance - - - 150. - = 2.17609 
ſo is the Sine of the Courſe 50%, 06”. - 9.88489 
to the Departure -;..». _-" TI5-t . 206098 


and for the Difference of Longitude it will be, by 
Cafe 2. of Plain Sailing, ? 


As the Co-ſine of the TT FINE 499,1 120 9.81519 


einn, : > = - 10.00000 
ſo is the Departure 115.1 2.06098 
to the min, Diff. of Longitude 176.1 - 2.24579 


equal to 2, 56/, which is the Difference of Long 
tude the Ship has made Weſterly. : 


CASE 3. 


Courſe and Difference of Latitude given, to find the 
Diſtance ſailed, and Difference of Longitude, 


Example. 


Suppoſe a Ship! in the Latitude of 5 3% 34 North, 
fails SE 4S, 'till by Obſervation ſhe is found to be in 

the [ aticude of 51, 12, and conſequently has 
differed her Latitude 29, 22/, or 142 Miles, Re- 
quired the Diſtance failed, and the Difference of 
| Longitude. | - i 


Fir, For the Departure, it will be (by Coe a. F 
Flain Sailing), 


As Radius „ 10 00000 
is to the Diff. of Latirude - 142 — 4.13229 
ſo is the Tang of Courſe 339, 45' - 9.82489 
to the Departure Rs x HR WY [1 


And for the Diſtance It will be, bye the ſame Caſe, - 


As 
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As Radius 10. 00000 
is to the Diff. of au 142 — 2.13229 


ſo is the Secant of the Courſe 330 5 45' - 10.08015 
to the Diſtance '- - 170. 8s ee 


Then, ſince the Latitude ſailed from was 53, 34 
North, and the Latitude come to 315, Lg North; 
therefore the middle Parallel will be 52, 23), and 


conſequently for the Difference of Longitude, it 


will be (by oye 2. Parallel Sailing), 


As the Co-ſine of the mid. Parallel 52%, 237 9.78560 
is to the Departure Flt 88 1.97718 


; ſo 1 is Radius . 2 „ 1I0. 0006 
to min. of Diff. of Longitude = 155.5. 2.19168 


equal to 2%, 25, the Difference of Longitude 
Eaſterly. _ 


CA E 4 


Difference of Latitude and Diſtance failed. given, to 
find the 5 and Difference of Longitude. 


Example. 


Suppoſe 4 Ship i in the Latitude of 4.29, 260 Wa 
ſails between the South and Eaſt, 246 Miles, and then 
is found by Obſervation to be in the Latitude of 


41, 06% North. Required the direct Courſe and 


Difference of Longitude. 


Firſt, F or the Courſe it will be, by Caſe 3 3. E 


Plain Sailing, 
As the Diſtance - <= - 246 F 39094 
2ͥͤé¾ = -- >: <5: 5 .=. 10.00000- 


ſo 


_ = Middle Latitude Sailing. 
| ſo is the Diff. of Latitude - 140 - - 2.14613 
to the Co-ſine of the Courſe 559, 197 - 9.75519 
which, becauſe the Ship fails between South and 
Eaſt, will be South 535 190 Eaſt, or S EHE. 
nearly. 


Then for Departure 1 it will be, by the ſame Caſe, 


enn Eh <itz - 10. 00000 
is to the Diſtance - - 446 — = 2.39094 
ſo is the Sine of the Courſe 455?, 197 - 9g.91504 
to the Departure - 202.3 - = - 2.30598 


Lafth, For the Difference of Laue it vill 
be, by Caſe 2. of Parallel Sailing, 


As the Co-ſine of the mid. Par. 425, me - 9.86924. 
is to the Departure 202.3 2.30598 
ſo is Radius = :- - = =- 10.00000 
to min. of Diff, of Longirade 273.3 - 2.43074 
equal to 4% 233', the Difference of Longitude 
_ Eafterly. A Bhs 77 


CASE 5. 


C ourſe and Departure given, to find Difference of 
Latitude, Difference of Longitude, and Diſtance 
failed. 


Example, 


Suppl a Ship i in the Latitude of 489, 23“ North, 
fails SW #S, 'till ſhe has made of Weſting 123 Miles. 
Required the Latitude come to, the Difference of 
Longitude, and the Diſtance failed. 


Firſt, For the Diſtance it will bes by Caſe 6. of 
Plain Sailing, 


As 
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As the Sine of the Courſe - 339, 45 — 9.74474. 


is to the Departure 123 - = . 2.08991 
ſo is Radius - - - - = _ - = - 10.00000 
to the J 5 i A2T4 <2 34517 


And for the Difference of Latitude it will be, by the 
ſame Caſe, 


As the Tang. of Courſe - 335, 45“ - 9.82489 


is to the Departure =. =. 1 2085008 
ſo is Radius 2 2 
to the Diff. of Latitude „ 104: 26502 


equal to 30, 04”, and ſince the Ship 1s failing 5 
the Equator, the Latitude come to vill be 4 


19“ North; and, conſequently the middle Paal 
will be 469, 81 


Then to find the Difference of Longitude it 3 be, 
by Caſe 2. F Parallel Sailing, 


As the Co- ſine of mid. Par. 460, 511 - 9.83500 
is to the Departure - - - 123 — 2.08991 
b ks Radius . 10.0000 
to min. of Diff, of Longit. - 160"; = 7 $2407; 


which is equal to 305 oo, the Difference of Longi- 
tude Weſterly. 


CASE 6. 


Difference of Latitude and 3 given, to find 
_ Courſe, Diftance, and Dos of Longitude, | 


Example. | 


| Suppoſe a Ship in the Latitude of 460, 3 North, | 
fails between South and Eaſt, *till ſhe has made of 


Eaſting Ig Mules, and 1s then found by Obſer- 
vation 
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vation to be in the Latitude of 43, 24” North. 


Required the Courie, Diſtance, and Difference of 
3 


Firſ, By 2 4. of Plain — it will be for the 5 


Courle, 
As the Diff. of Latitude - 193... - 2.28556 
is to Departure * - + , 
ſo is Radius — 10. OOO 
to the Tang. of the Courke 36% 5 9.87581 


which, becauſe the Ship is failing 8 South and 


Faſt, will be South 3655 55 Eaſt, or S ES 
Eaſt nearly. 


For the Diſtance it will bl, by the fame Caſe, =P 


As Radius =... ==" >. 0.00000 
is to the Diff. of Latitade . 103 -- - $.20560-- 
ſo is the Secant of the Courſe 36, 55“ 10.09718 


to the Diſtance „ Wl 2.38274 


Then for the Difference of ban it will be, 
by Caſe 2. of Parallel Sailing, 


As the Co- ſine of the mid. Par. 45 „ 9.84949 


is to the Departure 146 - 2.16137 


i te tes — - 10.00000 


to min. of Diff. of Laine 205 - 2,31188 


equal to 39, 25, the Difference of Longitude 
Faſterly. 


CASE 7 


- Diſtance and Departure given, to find Difference of 


Latitude, Courſe, and Diperence of Longitude, 


B 
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Example. 0 


Veppot a Ship in the Latitude of 330, 40“ North, 


ſails between South and Eaſt 165 Miles, and has 
then made of Eaſting 112.5 Miles. Required the 
Difference of Latitude, Courſe, and Difference of 
Longitude. 


Firſt, For the Courſe it will be, by Caſe 5 . of 


Plain Sailing, 5 


As the Diſtance - -<- 163 2.21748 
is to Radius - =- - - - -=- - = 10.00000 
fo is the Departure - 112.5 < 2.05115 


to the Sine of the Courſe 429, 0 943367 


which, | becauſe the Ship fails between South and 
Faſt, will be South 42“, 59 Eaſt, or S E58 


Ly Eaſt nearly. 


And for the Difference of Latitude it will be, by the 
ſame Caſe, 


As 777 Gt it 10.00000 


is to the Diſtance - < - 165 — 2.21748 


ſo is the Co- ſine of the Courſe 42“, 590 9.86436 


to the Diff. of Latitude - 120.7 - 2.08184 


equal to 29, 00; conſequently the Latitude come to 


will be 31, 40“ North, and the Latitude of the 


middle Parallel will be 329, 400. Hence to find 
the Difference of Longitude it will be, by 9 2. 


A Parallel Sailing, 


As the Co- ſine of the mid. Par. 32, 40 9.92522 
is to the Departure - 112.5 - 2.06175 
| f 1 0 o 
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ſo is Radius - - - _- _- 10.00000 


to min. of Diff. of Li =... 133-6. 2.12393 


equal to 2, 13“ neariy, the Difference of Longitude 
ry 


CASE 8. 


eee of Longitude and Departure given, to find 
Difference of Latitude, Courſe, and Diftance ſailed, 


1 Evanple,. 


. Suppoſe a Ship in the Latitude of 300, 46“ North, 
ſails between Lower and Weſt, till her Difference of 
Longitude is 3®, 127, and is then found to have 
departed from her former Meridian 126 Miles. 
Required the Difference of Latitude, Courſe, and 


1 Diſtance ſailed. 


Firſt, For 1 Latitude ſhe has come to it will be, 
by Caſe 3 3. of Parallel Sailing, 


As Min. of Diff. of Long. — 192 - - 2.28320 
is to Departure - - = += "790 = 2.10037 
ſo is Radius - = » 10.00000 
to the Co- ſine of the mid. Par. 482, 590 9.81707 


Now ſince the middle Latitude is equal to half 
the Sum of the two Latitudes (by Art. 1. of this Se.) 
and ſo the Sum of the two Latitudes equal to double 
the middle Latitude; it follows that if from double 
the middle Latitude we ſubtract any one of the La- 
titudes, the Remainder will be the other. Hence 
from twice 48?, 59“, viz. 970, 58 taking 509, 46 
the Latitude failed from, there remains 47, 127 the 
Latitude come to, Conſequently the Difference of 

Latitude 1 is 30, 34, or 214 Minutes, | 
Then 


Then for the Courſe | it will be, by Caſe 4. of Plain 
ue. 


As Diff. of Lat. £016 — =- = 2.33041 
is to Radius - - - - - - 1000000 
ſo is the Departure 126 219003 
to the Tang. of the Courſe 300, 28% 9.76996 


which, becauſe it is between South and Weſt, will 


be South 309, 29“ Weſt, or SS W + Welt nearly. 
And for the Diſtance it will be, by the ſame Caſe, 


77 SS Cc 1600000 


is to the Diff. of Lat. - - 214 - - 2.32041 
fo is the Secant of the Courſe 300, 29“ 10.00461 


to the Diſtance - - - - 248.4 - 2.39502 


2. From what has "Tho ſaid, it will be eaſy to 


ſolve a Traverſe, by the Rules of Middle Latitude 
Sailing. 


Example, 


Suppoſe a Ship i in the Latitude of 4.3% 25 North, 
ſails upon the following Courſes, viz. SWS 63 | 
Miles, SS W Weſt 45 Miles, S E 54 Miles, and 


SWbþW 74 Miles. Required the Latitude the Ship 


has come to, and how tar ſhe has differed her Longi- 
tude, 


Hit, By Caſe 2 2. of this Ce. find the Difference 


of Latitude, and Difference of Longitude belonging 
to each Courſe and Diſtance, and they will ſtand as 
in the dens Table. ; 


Courſes 
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Þ Cor fer ; : Diſtances) Dif. of Lat. | Dif. of Longit. | 


| Omron Womans Relat eee MEA eee 
ö I I 
NEWS = - bglo__<] 7.47, | 
| SSWAW - 45] ——| 39.7 — 28.62 | { 
SE „ e I 
SWbW - .74|——|] 41 4 81.08 , 
185 V 157.55 ; 
| Diff. of Lat. 186. 3 13.75 Y 
Tn Diff. of Long: 143.80 t 


] 


i 
Hence it is 0 the Ship has differed ker Latitude - 
186.2 Minutes, or 3®, 6, and ſo has come to the [ 


Latitude of 402, 19 North, and has made of Diffe- ar 
"rence of Longitude 143. 80 Minutes, or 25, 230 5 4.8” 
Weſterly. k 
3. This Method of failing, tho it be not ſtrictly So 
true, yet it comes very near the Truth, as will be evi- ſa 
dent, by comparing an Example wrought by this th 
Method, with the ſame wrought by the Method de- far 
livered in the next Seckion, which is ſtrictly true; and qu 
it ſerves without any conſiderable Error, in Runnings thi 
of 450 Miles between the Equator and Parallel of 30 
Degrees; of 300 Miles between that and the Parallel of 
of 60 Degrees; and of 150 Miles, as far as there is A 
any Occaſion, and conſequently mult be ſufficiently fro 
exact for 24 Hours Nun. cul 
dic 
N 23 C 
SECT, X = 
| 2 ; Po; 
Of Mercator”s Sailing. 15 
| : 


H O' the Meridians do all meet at the Pole, I 925 

and the Parallels to the Equator do con- rall 

tinually decreaſe, and that in Proportion to the Co- oft 

ſines of their Laticudes 3 ye in old Sea Charts the Are 
| Meridians | 


* 


5 
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Meridians were drawn paralle] to one another, and 
conſequently the Parallels of Latitude made equal 
to the Equator, and fo a Degree of Longitude on 


any Parallel, as large as a Degree on the Equator z 


alſo in theſe Charts the Degrees of Latitude were 
ſtill repreſented (a they are in themſelves) equal to 


each other and to thoſe of the Zquator. By theſe 


means the Degrees of Longitude being increaſed be- 
yond their juſt Proportion, and the more ſo the 


nearer they approach the Pole ; the Degrees of La- 


titude at the ſame time remaining the fame, tis evi- 


dent Places muſt be very erroneouſly marked down 


upon theſe Charts, with reſpect to their Latitude and 
Longitude, and conſequently their bearing from one 


another very falſe. 


2. To remedy this Inconvenience, ſo as till to 
keep the Meridians parallel, *tis plain we muſt pro- 
tract, or lengthen, the Degrees of Latitude in the 
ſame Proportion as thoſe of Longitude are, that ſo 
the Proportion in Eaſting and Weſting, may be the 
ſame with that of Soutbing and Northing, and conſe- 
quently the Bearings of Places from one another, be 
the ſame upon the Chart as upon the Globe itſelf. 


In the annexed Scheme let AB D be a Quadrant T7 


of a Meridian, A the Pole, D a Point on the Equator, 
AC half the Axis, B any Point upon the Meridian, 
from which draw B F perpendi- E, 
cular to AC, and B G perpen- 
dicular to CD; then BG will be 
the Sine, and BF or CG the Co- 
line of B D the Latitude of the 
Point B: Draw DE the Tangent 
and C E Secant of the Arch BD. 
It has been demonſtrated in 
Heck. VIII. that any Arch of a Pa- 


Arch as a Minute on the Parallel deſcribed by the 
2 Point 


rallel, is to the like Arch of the Equator, as the Co- fine 
of the Latitude of that Parallel is to Radius; thus any 
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Point B, will be to a Minute on the Equator, as B F 


or CG is to CD; but ſince the Triangles CGB, CDE 
are ſimilar, therefore (by Art. 73. See. 1. ) CG will be 


to CD as CB is to CE, i. e. the Co-fine of any 


Parallel is to Radius, as Radius is to the Secant of 
the Latitude of that Parallel; but it has been Juſt 
now ſhown, that the Co- fine of any Parallel is to 


Radius, as the Length of any Arch as a Minute on 
that Parallel, is to che Length of the like Arch on 
the Eguator: Therefore the Length of any Arch as a 
Minute on any Parallel, is to the Length of the like 
Arch on the Equator, as Radius 1s to the Secant of the 
Latitude of that Parallel; and ſo the Length of any 
Arch, as a Minute on the Equator, is longer than the 
like Arch of any Parallel in the ſame Proportion, as 
the Secant of the Latitude of that Parallel is to Radius. 
But ſince in this Projection the Meridians are paral- 
tel, and conſequently each Parallel of Latitude equal 
to the Equator, *tis plain the Length of any Arch, as a 
Minute on any Parallel, 1s increaſed beyond it's juſt 
Proportion, at ſuch Rate as the Secant of the Lati- 
tude of that Parallel is greater than Radius ; and there- 
fore to keep up the Proportion of Northing and South- 
ing, to that of Eaſting and Weſting, upon this Chart, 
as it is upon the Globe itſelf, the Length of a Minute 
upon the Meridian at any Parallel, muſt alſo be in- 
_ creaſed beyond it's juſt Proportion at the ſame rate, 
i. e. as the Secant of the Latitude of that Parallel is 
greater than Radius. Thus to find the Length of a 
Minute upon the Meridian at the Latitude of 75 De- 
grees, ſince a Minute of a Meridian is every where 
equal on the Globe, and alſo equal to a Minute upon 
the Equator, let it be repreſented by Unity ; then 
making it As Radius is to the Secant of 75 Degrees, 
So is Unity to a fourth Number, which is 3.864 
nearly, and conſequently by whatever Line you re- 
Legt one Minute on the Equator of this Chart, the 
a of one Minute on the enlarged Meridian 45 
C 


l 
: 
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the t atitode of 75 Degrees, or the Diſtance between 


the Parallel of 752, oo”, and the Parallel of 759, or, 


will be equal to 3 of theſe Lines, and Ts of one of 


them. By making the ſame Proportion it will be 


found, that the Length of a Minute on the Meridian 


of this Chart at the Parallel of 60, or the Diſtance 
between the Parallel of 60*, oo!, and that of 609, oi. 
is equal to 2 of theſe Lines. "After the ſame manner, 
the Length of a Minute on the enlarged Meridian, 
may be found at any Latitude; and conſequently be- 


ginning at the Equator, and computing the Length 
of every intermediate Minute, between that and any 
Parallel, the Sum of all theſe ſhall be the Length of 


a Meridian intercepted between the Equator and that 


Parallel; and the Diſtance of each Degree and Minute 
of Latitude, from the Equator upon the Meridian of 
this Chart, computed in Minutes of the Equator, 
forms what 1s commonly called a Table of Meridional 


Parts. 
If the Arch BD repreſent the Latitude of any 


Point B, then (CD being Radius) C E will be the 


Secant of that Latitude; but it has been ſhown above, 


that Radius is to the Secant of any Latitude, as the 


Length of a Minute upon the Equator, is to the 
Length of a Minute on the Meridian of this Chart at 
that Latitude; theretore CD is to CE, as the Length 
of a Minute on the Equator is to the Length ot a 
Minute upon the Meridian, at the Latitude of the 
Point B. Conſequently if the Radius CD be taken 
equal to the Length of a Minute upon the Equator 
CE, or the Secant of the Latitude, will be equal to 
the Length of a Minute upon the Meridian at that 
Latitude. Therefore, in general, it the Length of a 
Minute upon the Equator be made Radius, the Length 
of a Minute upon the enlarged Meridian will be every 
where equal to the Secant of the Arch contained be- 
tween it and the Equator. 


Q 2 Cor. 
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Cor. 1. Hence it follows, ſince the Length of every 
intermediate Minute between the Zquator and any 
Parallel, is equal to the Secant of the Latitude (the 
Radius being equal to a Minute upon the Equator) the 
Sum of all theſe Lengths, or the Diſtance of that 
Parallel on the enlarged Meridian from the Equator, 
will be equal to the Sum of all the Secants, to every 
Minute contained between it and the Equator. 
2. Conſequently the Diſtance between any two 
Parallels on the ſame Side of the Equator, is equal to 
the Difference of the Sums of all the Secants contain- 
ed between the Equator and each Parallel, and the 
Diſtance between any two Parallels on contrary Sides 
of -the Equator, is equal to the Sum of the Sums of 
all the Secants contained between the Equator and 
each Parallel. DE Con ee a 
4. There is annexed to the End of this Seon, a 
Table of Meridional Parts, tor every Degree and 
Minute of | atitude, in which you may obſerve that 
the top Column contains the Degrees, and the left 
hand ſide Column the Minutes, the other Columns 
contain the Meridional Parts anſwering to each De- 
gree and Minute, or the Diſtance of each Degree 


' and Minute of Latitude in this Chart from the Equa- (t 
; tor, counted in Minutes of the Equator, Thus for ſe 
= the Latitude of 63®, 20', I look in the top Column th 
for 639, and in the left hand fide Column for 20/, W. 
ö and in the Column under 63“ and on the ſame Line let 
| with 20”, I find the Number 4949.3, which is the Pa 
| Meridional Parts for the Parallel of 639, 20', or it an 
N ſhows that the Part of the enlarged Meridian, which to 
l is intercepted between tne Equator and the Parallel of tus 
| 63%, 20', contains 4949.3 Minutes of the Equator, 
. whereas upon the Globe it contains only 3800. In bu 
1 this Table you may likewiſe obſerve, that the Meri- vid 
q dional Parts are computed only to one Place of Deci- of 
1 mamaals, which is ſufficiently exact for all common Pur- as 
N poles, e ys tue 
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5. By theſe Tables may be conſtructed the nauti- 
cal Chart, commonly called Mercator's Chart. Thus, 


for Example, let it be required to make a Chart that 


ſhall commence at the Eguator, and reach to the Pa- 
rallel of 60 Degrees, and ſhall contain 80 Degrees of 
Longitude. 

Draw the Line E. Q repreſenting the Equator ; (fee 
Plate 1.) then take from any convenient Line of equal 
Parts, 4800 (the Number of Minutes contained in 80 


Degrees) which ſet off from E to +5), and this will 


determine the Breadth of the Chart, 
Divide the Line EQ into eight equal Parts, in the 
Points 10, 20, 30, Cc. each containing 10 Degrees, 


and each of theſe divided into 10 equal Parts will give 


the ſingle Degrees upon the Equator; then thro? the 


Points E, 10, 20, &c. drawing Lines perpendicular 


to EQ; theſe ſhall be Meridians. 

From the Scale of equal Parts take 4527.4 (the Me- 
ridional Parts anſwering to 60 Degrees) and fet that 
off from E to A and from Q to B, and join A B; 
then this Line will repreſent the Parallel of 60, and 
will determine the Length of the Chart. 

Again, from the Scale of equal Parts take 603.71, 
(the Meridional Parts anſwering to 10 Degrees) and 


ſet that off from E to 10 on the Line E A, and thro? 


the Point 10 draw 10, 10, parallel to EQ, and this 
will be the Parallel of 10 Degrees. The tame Way 


letting off from E on the Line E A, the Meridional 


Parts anſwering to each Degree, Sc. of Latitude, 
and through the ſeveral Points drawing Lines parallel 


to E. Q. we ſhall have the ſeveral Parallels of Lati- 
tude. 


but is only to ſerve for a certain Diſtance on the Me- 
ridian, between two given Parallels on the ſame Side 
of the Equator ; then the Meridians are to be drawn 
as in the laſt Example, and for the Parallels of Lati- 
7 you are to proceed thus; viz, from the Meri- 


Q 3 | dional 


If the Chart does not commence from the FT 
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dional Parts anſwering to each Point of Latitude in 
your Chart, ſubtract the Meridional Parts anſwering 
to the leaſt Latitude, and ſet off the Differences 
ſeverally, from the Parallel of leaſt Latitude, upon 
the two extream Meridians, and the Lines joining 
theſe Points of the Meridians ſhall repreſent the ſeve- 
ral Parallels upon your Chart. 

Thus let it be required to draw a Chart that ſhall 
ſerve from the Latitude of 20 Degrees North, to 60 
Degrees North, and that ſhall contain 80 Degrees ot 
Longitude. 

Having drawn the Line DC to repreſent the Paral- 
Jl of 20 Degrees (ſee Plate 1.) and the Meridians to 
it, as in the toregoing Example; ſet off 663.3 (the 
Difference between the Meridional Parts anſwering to 
30 Degrees, and thoſe of 20 Degrees) from D to 30, 
and from C to 30; then join the Points 30 and 30 
with a right Line, and that ſhall be the Parallel of 30, 
Alſo ſet off 1397.6 (the Difference between the Me- 
ridional Parts anſwering to 40 Degrees, and thoſe of 
20 Degrees) from D to 40, and from C to 40, and 
joining the Points 40 and 40 with a right Line, that 

ſhall be the Parallel of 40. And proceeding alter 
the ſame Way, we may draw as many of the inter- 
mediate Parallels as we have Occaſion for. 

But if the two Parallels of Latitude that bound the 
Chart, are on the contrary Sides of the Equator ; then 
draw a Line repreſenting the Equator and Meridians 
to it, as in the firſt Example; and from the Equator 
ſet off on each Side of it the ſeveral Parallels contain- 
ed between it and the given Parallels as above, and 
your Chart is finiſhed. 

If Mercator's Chart, conſtructed as hm hath it's 
Equator extended on each Side of the Point E 180 
Degrees, and if the ſeveral Places on the Surface of 
the Earth, be there laid down according to their La- 
titudes and Longitudes, we ſhall have what is com- 
only « called Mercator's Map of the Earth. M his 

| 27 
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Map i is not to be conſidered as a ſimilar and juſt Re- 
preſentation of the Earth's Surface, for in it "i Fi- 
ures of Countries are diſtorted, «eſpecially near the 
Poles; but ſince the Degrees of Latitude are every 
where increaſed in the ſame Proportion as thoſe of 
Longitude are, the Bearings between the Places will 
be the ſame in this Chart as on the Globe, and the 
Proportions between the Latitudes, Longitudes, and 
nautical Diſtances, will allo be the lame on this Chart, 
as on the Globe itſelf; by which means the ſeveral 


Caſes of Navigation are ſolved after a moſt eaſy man- 


ner, and adapted to the meaneſt Capacities. 

N. B. Here you muſt take notice; that in all Charts, 
the upper Part is the North Side, and the lower Part 
or Bottom is the South Side; allo that Part of it to- 
wards the right Hand is the Lat, © and that towards 
the left Hand the We t Side of the Chart. 

6. Since according to this Projection, the Meridians 
are parallel right Lines; ; 'tis plain, that the Rumbs 
which form always equal Angles with the Meridians, 
will be ftreight Lines; which Property renders this 


Projection of "the Farth? s Surface much more eaſy and 


proper for nautical Uſes, than any other. 

7. This Method of projecting the Earth's Surface 
upon a Plain, was firſt invented by Mr Edward Wright, 
but firſt publiſhed by Mercator; and hence the ſailing 
by the Chart, was called Mercatar”s ſailing. 


8. In the annexed Scheme, let A and E. repreſent 


two Places upon Mercator's Chart, A C the Meridian 
of A, and CE the Parallel of Latitude paſſing thro? 
E; draw AE, and ſet off upon A C the Length AB 
equal to the Number of Minutes contained in the 
Difference of Latitude between the two Places, and 


taken from the ſame Scale of equal Parts the Chart 
was made by ; or from the Equator, or any graduated 


Parallel of the Chart, and thro* B, draw B D parallel 


to CE meeting AE in D. Then A C will be the en- 


larged Difference of Latitude, A B the proper Differenco 


LT of 
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of Latitude, C E the Difference of Longitude, B D the 
Departure, A E the enlarged Diſtance, and AD the 


C 


4 


proper Diſtance, between the two Places A and E, 
allo the Angle BAD will be the Courſe, and A E the 
Rumb Line between them. 

9. Now fince in the Triangle ACE, B D is pa- 
rallel to one of it's Sides C E; *tis plain the Triangles 


ACE, ABD will be ſimilar, and conſequently the 


Sides proportional (by Art. 73. Se. I.). Hence ariſes 


the Solutions of the ſeveral Cafes in this failing, which 
are as follow. 


ESSE 


The Latitudes of two Places given, to find the meri- 
onal or inlarged Difference of Latitude between them. 


of this Caſe there are three Varieties, 232. either 


one of the Places lies on the Equator, or both on the 
oy Side of it; or laſtly on different Sides. 


2 


t 
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1. If one of the propoſed Places lies on the Equator, 
then the meridional Difference of Latitude, is the ſame 
with the Latitude of the other Place, taken from the 
Table of meridional Parts. | 


Example. 


Required the meridional Difference of Latitude be- 
tween Sz Thomas, lying on the Equator and St Antonio 
in the Latitude of 179, 200 North. I look in the 


following Table ior the meridional Parts anſwering 
to 170, 20%, and find it to be 1050.2, the inlarged 


Difference of Latitude required. 
2. If the two propoſed Places be on the ſame Side 


of the Equator, then the meridional Difference of 


Latitude is found by ſubtracting the meridional 
Parts anſwering to the leaſt Latitude from thoſe 
anſwering to the greateſt, and the Difference is that. 
required. 


Example. 


Ld 


Required the meridional Difference of Latitude 


between the Lizard in the Latitude of 50", 00” 
North, and Antego6, in the Latitude 6 17 30 
North, 


From the meridional Parts of - 500 , 00” - 3474.5 
ſubtract the meridional Parts of 179, 300 - 1066.7 
there remains - - = = = 240.8 


the meridional Difference of Latitude required, 


If the Places lie on different Sides of the Equator, 
then the meridional Difference of Latitude is found 
by adding together the meridional Parts anſwering to 
each Latitude, and the Sum 1s that required, 


Example. 


: 1.4 
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Example. 


Required the meridional Difference of Latitude 
between Antegoa, in the Latitude of 175, 30“ North, 


and Lima, in Peru, in che Latitude of 129, 300 
South. | 


: To the merid. Parts anſwering to 17%, 30 1066. 
add theſe anſwering to 12, 30 756. 


» 


— 


— , = i 5-6 1622.8 
the meridional Difference of Latitude required, 
CASE a; 


The Latitudes and ”— udes of two Places given, 
fo And the direct Courſe and Diſtance between them. 


Example. 


Required to find the direct Courſe and Diſtance be- 
tween the Lizard, in the Latitude of 509, © o' North, 
and Port Royal in Jamaica, in the Latitude 11 159% 40; 


differing in Longitude 709, 46', Port-Royal lying ſo 
far to the Weſtw-ard of the Lizard, 


Preparation, 


From the Latitude of the Lizard - - 509, oo' 


ſubtract the Latitude of Port- Rye! . 40 


— 


and there remains 1 0 


equal to 1940 Minutes, hs proper Difference of 
Latitude, 


Then 


n cc 
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Then from the meridional Parts of 30%, oo 3474.5 
ſubtract thoſe we. 1-4 40 1077-2 2 


and RET YR 2297.3 
the meridional or inlarged Difference of Longitude, 


Geometrically. 


Draw the Line A C repreſenting the Meridian of 


the Lizard at A, and ſet off from A, upon that Line, 


A E equal to 1940 (from any Scale of equal Parts) 
the proper Difference of Latitude, alſo A C equal to 


A 


10 


2397.3 (from the ſame Scale) the meridional or in- 
larged Difference of Latitude. Upon the Point c 
raiſe CB perpendicular to A C, and make C B equal 


to 4246 the Minutes of Difference of Longitude. 
Join A B, and thro' E draw E D parallel to BC; 


ſo the Caſe is conſtructed, and A D applied to the 
ſame Scale of equal Parts the other Legs were taken 


from, will give the direct Diſtance, and the Angle 


D AE meaſured by the Line of Chords will give the 


Courſe, 


#Sy 


PIER 4. i, I" 
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By Calculation. 


For the Angle of the Courſe EAD, it will be, by 
Caſe 4. of Rectangular Trigonometry, 


AC CB: R: T. Ae. 


As the meridional Diff. of Lat. 2397. 3 15 hat 


is to the Difference of Long. 1 4245.0 - 3.62798 | 


ſo is Radius — -  10.00000 
to the Tang. of the direct Courle 602, 33“ 10.34828 


which, becauſe Port- Royal 1 is Southward of the Li- 
Zard, and the Difference of Longitude Weſterly, 
will be South 600, 33“ Weſt, or SW W Welt. 
nearly. 


Then for the Diſtance AD, it will be, by We 2, 
of Rectangular T; rigonometry, ; 


R A E: Sec. K ND, e. 


As the Radius <= - - '= _ = _ 10.00000 
is to the proper Diff, of Lat, 1949 - 3.28780 
ſo is the Secant of the Courle 60, 33 10.30833 
to the Diſtance - - - - 3945.6 3.59613 


conſequently the dire& Courſe between the Lizard, 
and Port-Royal in Jamaica, is South 60“, 33) and the 
Diſtance 3945. 6 Miles. 


CAS Et 


Courſe and Diftance ſailed given, to find Difference 
of Latituae and Difference of 9 —.— 


Example. 
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Example. 


Suppole a Ship from the Lizard in the Latitude of 


50,5 North, ſails South 35” : 40/ Weſt 15 6 


Miles. "Regie, the Latitude come to, and how 
much ſhe has altered her Longitude. 


| Geometrically. 


1. Draw the Live BE repreſenting the Meridian 
of the Lizard at B; from B draw the Line B M, 
making with B K an Angle equal to 35, 40', and 


B 


upon this Line ſet off BM equal to 156 the given 
Diſtance, and from M let fall the Perpendicular M K 
upon B K. 
Then for B K the proper Difference of Latitude, it 
Wil be, by Caſe 3. oC: Re angular Trigonometry, 


R:MB;:5 BMK: BE, 
ALBA = >.< = 000000 


is to the Diſtance - - 156 — - 2.19312 
* . ſo 
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ſo is the Co- ſine of the Courſe 35, 40 9.909% 
to the proper Difference of Lat. 127 2 10290 


equal to 20, 0%“; and ſince the Ship is failing from a 
North Latitude towards the South, therefore the La- 
titude come to will be 47, 53“ North. Hence the 


meridional Difference of Latitude will be 193.4, 
2. Produce BK to D, *till B D be equal to 193 4; 
' thro' D draw DL parallel to MK, meeting DM 


produced in L; then DL will be the Difference of 


| Longitude: to find which by Calculation, it will be, 


* Lye I, 4 e T hk 


Sa 


5 R. BD T, LBD:DL, 


Ny 5 As Radius J 2 2-0 ak ay * 


is to the meridional Diff. of Lat. 193: 4 - 2.28646 


ſo is the Tangent of the Courſe 339, 40“ 9.85594 


to Minutes of Ditt. of Long. - 138.8 - 2.14240 


equal to 29, 18!, 48” the Difference of Longitude 


the Ship has made Weſterly. 


1 


C A 8 E 4. 


Given, Courſe and both Latitudes, viz, the Latitude 
failed from, and the Latitude come to, to find the Di- 
ſtance ſailed and the Difference of Longitude. 


Example. 


Suppoſe a Ship in the Latitude of 345, 20! North, 
fails South 33®, 45, Eaſt, *till by Obſervation ſhe's 
found to be in the Latitude of 61”, 45 North. Re- 
quired the Diſtance failed, and the Difference of Lon- 
gitude. 


Geometrically. 
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Geometrically. 


Draw AB, to repreſent the Meridian of the Ship in 
the firſt Latitude, and ſet off from A to B 15 5, the 
Minutes of the proper Diffe- 
rence of Latitude, alſo A G A. 
equal to 257.9 the Minutes of 
the inlarged Difference of La- | \ 
titude. Thro' B and G, draw þ{|Þ 
the Lines BC and GK perpen- Y 
dicular to AG; alſo draw AK 
making with AG an Angle 
of 339, 45 which will meet the. | 0 
two former Lines in the Points | 8 oy Ni 


Cand K; ſo the Cale is con- 6 
ſtructed, and A C and GK 7 


may be found from the Line of equal Parts, to find 7 


which 
By Calculation, 


Firſt, For the Differences of Laan it will be, 
by Caſe 1. of Rectangular T rigonometry, 


> + AG::T, GAK: GK, 


i. e. 3 Radius 8 8 5 10.00000 


is to the inlarged Diff. of OY - 257.9 - 2.41145 


ſo is the Tang. of the Courſe 33®, 45 - 9.82489 


to Min. or Diff. of Longitude - 172.3 2.23634 


equal to 2®, 52”, 18”, the Difference of Lovgitude 


the Ship has made Eafterly. _ 
This might alſo have been found, by firſt finding 


the Departure B C (by Caſe 2. of Plain Sailing) and 


then (by Art. 74. vez, i ) it would be 


AB 


— * 
* 
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AB:BC::AG: GR. The Difference of Lon- 
— T__ ed. 


= LE. for the direct Diſtance AC, it will be, by 
| 2. of hs T rigonometry, 


R: AB::Sec. A. AC, 


. e. As Radius = = 10. oooοο 
is to the proper Diff of E — 155 - 2.19033 
ſo is the Secant of the Courſe - 33, 45“ 10.08015 
to the direct Diſtance - -<- 186.4 - 2.27048 


conſequently the Ship has failed South 33, 457 Eaſt, 
186.4 Miles, and has differed her Longitude 255 
52% 18" Eaſterly. 


C AS E 5. 


; Both Latitudes. and Diſtance ſailed, 2 given, to find the 
direct Courſe, and Difference of Longitude. 


an 


Suppoſe a Ship From the Latitude of 459, 26 
North, fails between North and Eaſt 195 Miles, and 
then by Obſervation ſhe's found to be in the Latitude 
of 48®, & North, Required the direct Courſe and 
Difference of Longitude. 


U 


6 eometri cally. 


e Sailing. — 
Gromitricalh,. 


| Draw AB equal to 160 the proper Difference of 
Latitude, and from the Point B Fore the e 
cular BD; then take 195 in 
your Compaſſes, and letting 
one Foot of them in A, with 
the other croſs the Line BD 
in D. Produce AB 'till AC 
be equal to 233.6 the inlar- 
ged Difference of Latitude. 
Thro C draw C K 7 
to B D, meeting AD p 

duced in K; ſo the Cale 18 
conſtructed, and the Angle 
A may be meaſured by the A. 


Line of Chords, and CK by the Line of equal Parts. 


To find wen 


By Calculation. 


Firſt, Fot the Angle of the Courſe B A D it will 


be, (by Cafe 5. of Rectangular 4 ee 
AB: R: AD: Sec. A. i. 


As the proper Diff. of Lat. 73060 +. = 2.20412 


is to Radius - = = += - = = = 10.00000 


ſo is the Diſtance <- <- - 195 - = 2.29002 


to the Secant of the Courſe 349, 52/ - 10.08591 
which, becauſe the Ship 1s failing between North 


and Bad. will be North 34“, 527 Eaſt or NE & N 


19, 7 Eaſterly. 


Then for the Difference . Longi rude it will be, 
(by Caſe 1. Y Runs T rigonometry) 


L 


Y 2B ISO ne a EFT jc - on, oem 
5 
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R: AC:: T, A: CK. 


1. e. As Radius - 22H10. ooo 
is to the merid. Diff. of Lat. 5233.6 - 2.36847 
ſo is the Tang. of the Courſe 340 1 9.84307 
to Min of Diff. of Longitude 162.8 - - 2.21154 


equal to 20, 42%, 48%, the Difference of Longitude 
mo 


CASE: 6. 


One Latitude, Courſe, and Difference of Longitude, 
given, to find the other Latitude, and Diſtance ſailed. 


Example. 


| Suppoſe a Ship from the Latitude of 48, 50 00 
North, fails South 34® ; 40/ Welt, 'till her Difference 


of Longitude i 152%, 44. Required the Latitude eomt 
to, and the Dittmer ſailed. 


G 


1. Draw AE to repreſent the Meridian of the Ship 
in the firſt Luce, and make the Angle E A C 

equal to 34, 400%, "the Angle 
of the Courſe; then draw 
FC parallel to A E, at the 
- Diſtance of 164 the Minutes 
of Difference of Longitude, 
which will meet AC in the 
Point C. From C let fall 
upon A E the Perpendicular 
CE; then AE will be the 
inlarged Difference of Lati- 
8 | I tude. To find which, by 
3 E Calculation it will be, 0 
5 1 of Retiangula T 3 


"Hh 


P 


1 
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. A: R. CE: AE. 


3. 6. As the Tang. of the Courſe 345 40 9.83984. 
js to the Radius : +5: a&hiodoo 


ſo is Min. of Diff. Lotigittde 164 75 2.21484 
to the inlarged Diff. of Latitude 237.2 - © 2.37500 


and becauſe the Ship is ſailing from a North Latitude 
Southerly. Theretore, 


From the mirid. Parts of 5 | 
the Latitude failed from 


ind enn, 3129.7 


the meridional Parts of the Latitude come to, VIZ, 
46, og. ES 


Hence for the proper Difference of Latitude, 


From the Latitude failed fem 155 8 


take the Latitude come to - - - 46, 09 N 


and there remains 29, * 


equal to 161, the Minutes of Difference of Lati- 
tude. 


2. Set off upon A E the Length A D equal to 161 


the proper Difference of Latitude, and thro' D draw 
DB parallel to CE; then A B will be the direct Di- 
ſtance. To find which, by Calculation it will be, by 
Caſe 2. of Rectangular 7 rigonometry, 


R: AD: : Sec. A: AB. 


% As Radius 5 Fa . 


is to the proper Diff. of ls 161 - 2.20683 


ſo is the Secant of the Courſe - 34?, 400/ 10.08488 
to the direct Diſtance „195.8 


- 489% 0% 3366.9 
take the merid. Difference of Latitude. - 2 37-2. 


 10.00000. 


2.29171 
. 
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CASE 5. 
5 One Latitude, Courſe, and Departure, given, io find 
the other Latitude, Diſtance . and ee of 
e, . 
Example. 


Suppoſe a Ship ſails from the Latitude of 54%, 36 


North, Long. 42%, 33“ Faſt, *till ſhe has made f 
Departure 116 Miles. Required the Latitude ſhe is 


in, her direct Diſtance ſailed, and how much ſhe has 
altered her e 


Geometricalhy. 


Rs Heitz drawn the Meridian A B, make the 
: Angle BA 5 e to 42%, 3 3“. Draw F D 12 8 


* 


„ease aa 03a © a &. wv 


* Ar 


4 AY at the Diſtance d 118. which will act A 0 


in D. Let fall upon AB the Perpendicular DB. 
Then AB will be the 1 Difference of __ 
5 | an 
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and A D the dire& Diſtance, to find which, by Cal- 


culation; firſt, for the Diſtance AD it will be, by 


Caſe 2. of Rectangular Trigonometry, 
S, A:BD::R:AD. 


i. e. As the Sine of the Courſe 42%, 330 9.83010 
is to the Departure - - 116 2.06446 
ſo is Radius - - - - - - - =- = 10.00000 
to the direct Diſtance - - = 171.5 - 2.23436 


Then for the proper Difference of Latitude it will 


be, by Caſe 1. of Ne Trigonometry, 
IT. A:BD::R: A B. 


1 A the Tang. of the Courſe 429, 33“ 9.96281 


is to the Departure 116 2.06446 
ſo is Radius - = 2 10.00000 
to the proper Difference ot Latitude 126.4 2.10165 


equal to 29, 6, conſequently the Ship has come to the 
Latitude of 529, 20/ North, and ſo the meriodinal 


Difference of Latitude will be 212.2. 


2. Produce A B to E, till AE be 1 to 212.2; 
and through E draw F.C parallel to BD, meeting A D 
produced in C; then E. C will be the Difference of 
Longitude, to find which, &y Calculation it will be, by 
Caſe 1. of Nane Trigonometry, _ 


R: AE: T, A. EC. 


A 


V — 5 10.00000 


is to the merid. Diff. of Latitude 212, 2, . 32675 
ſo.is the Tang. of the Courſe - 42, 33 9.96281 
to the Min. of Diff. 3 Longitude 194.8 - 2.28956 


equal to 3?, 14', 48”, the Diflerence of Longirad 
Eaſter! 5 


R 8 1 1 Thie 


it i 4 i 
| ll ; 
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This might have been found otherwiſe, thu, be- 
vaſe the Triangles ACE, ADB are ſimilar, there- 
fore (by Art. 73. Seer. I.) it will be, 


AB: BD: AE: EC. 


7. e. As the proper Diff. of Latitude 126.4 2.10165 
is to the Departure 116 - 2.06446 
ſo is the inlarged Diff. of Latitude 212 2 2.32675 
to Min. Diff. of Longitude 3 194. 8 2. 28956 


CASE 8. 


Both Latitudes and bee oa] to find Gor, 
Diſtance, and * of Longitude. 


| Suppoſe a Ship hom 5 8 of 46, 200 N. 
fails between the South and Weſt, *till ſhe has made of 
Departure 126.4 Miles and is then found by Obſer- 
vation to be in the Latitude of 4 30, 35 North. Re- 
quired the Courſe and Diſtance failed, and Difference 

* SOS. 


G cometricalh.. 


Draw A K to repreſent the Meridian of the Ship i in 
her firſt Latitude, ſet off up- 

A. on it 4 C, equal to 165 5, the 
/| proper Difference of Latitude: 
Draw BC Perpendicular to 
AC, equal to 126.4 the De- 
parture, and join AB. Set 

| . off from A, A K equal to 
4 ee, 223-2, the inlarged Difference 
D< | of Latitude, and thro' K draw 


* 


FVV parallel to BC, meeting, 
A B produced in D; lo the Cafe is conſtructed, and 


7 


<4 * =——_ 
f D K 


Mercator's Sailing. 247 


D K wil be the Difference of Longitude, A B the 
Diſtance, and the * A the Courſe; to and 
which 


By Calculation. ” 


Firſt, For D K the Difference of Longinde, it wil 
be, (by Art. 73. Sect. I.) 


Ac: CB: : Ak: KD. 5 


7. e. As the proper Diff. of Latitude 1165 2.21748 


is to the Departure 126.4 2. 1555 
ſo is the inlarged Diff of 13 - 233-3 2.36791 
to Min. of Diff of Longitude - ' 178.7 2.25218 


_ equal to 29, 58, 42”, the Difference of Longityg® : 
es 


Then for the Courſe it will be, (by Caſe 4. of _ 
angular J. enen) "= 


AC:BC: R 1, A. 


i e. As the proper Diff. of Latitude 165 - 2, 21748 
is to Departure = 126.4 - 2.10175 - 
{o is Radius - - - >: *..; 1000000. 
to the Tangent of the Courſe: 370, 27% = 9.88427 


which, becauſe the Ship fails between South and Welt, 
will be South 37 27“ Weſt, or S WSW 6“, 300 


Weſterly. 


Laſih, For the Diſtance A B, it will be, (by Caſe 2. 
5 Rectangular T rigonometry,) | 


S, A: BC: R. AB. 
R4 6; e. 
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i e. As the Sine of the Courſe 370, 27 


1 3 


. 58 
1s to the Departure 8 126.4 | 9 / 395 


2.10177 
JJ 45 


| 2 325 — 10. 00000 
to the direct Diſtance - - - 2079 2.31750 


CASE 9. 


One Latitude, Diſtance ſailed, and Departure, given, 
to find the other Latitude, Difference of Longitude, and 
_ Courſe, e | LE 


Example, 


Suppoſe a Ship in the Latitude of 489, 33“ North, 
fails between South and Faſt 138 Miles, and has 
then made of Departure 112.6. Required the Lati- 
tude come to, the direct Courſe, and Difference of 
Longitude. „C ne „ 


Geometrically. 


1. Draw B D for the Meridian of the Ship at B, and 
„„ parallel to it draw F E, 
= | At the Diſtance of 112.6, 
the Departure. Take 
138, the Diſtance, in 
your Compaſſes, and fix- 
ing one Point of them in 


„„ 1 B, with the other croſs 
Ly . „ the Line F E in the Point 
1 ů—— FE; then join B and E, 
and from E let fall upon B D the Perpendicular ED; 

ſo BD will be the proper Difference of Latitude, and 
the Angle B, will be the Courſe; to find which, . 
Calculation. e 


"Þ 
* 


Firſt 
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Huf, For the Courſe it will be, * Caſe 5 of 
Rellangular Trigonometry,) 


BE:R: DE: 8, B. 


J. e. As the Diſtance -< - 138 - 2.13988 
is to Radius - - =- - = = 10.00000 
ſo is the Departure — 112.6- 2.05154 


to the Sine of the Courſe - 54, 41” - 991166 
which, becauſe” the Ship ſails between South and 


Eaſt, will be South 54“, 41 _ or SE 9 „41 
Faſterly. 


Then for the Difference of Latitude! it will be, (by = 


Caſe 3 155 Rectangular Trigonometry,) 
R.:. BE. Co-s, B: BD. 


* As Radius „ — e 
is to the Diſtance - - - - 138. = 2.13988 


ſo is the Co- ſine of the Courſe 549, 41' - 9.76200 
do the Difference of Latitude - 798 - 1.90188 


equal to 19, 190%. Conſequently the Ship has come to 
the Latitude of 479, 137. Hence the meridional 
Difference of Latitude will be 117.7. 


2. Produce B to A, till BA be equal to 117.7, and 
thro' A draw AC parallel to D E, meeting B E pro- 


duced in C; then A C will be he Difference of Lon- 


gitude, to find which, by Calculation it will be, (Wy 
Art. 73. Se, 1 


BDP: DE;: BA AC. 


. e. As the proper Diff. of Latitude 79. 8 1 90188 
is to the Departure - - - - 112.6 - 2.05154 


fo is the inlarged Diff. of Latitude 117.7 - 2.07078 
to the Diff. of Longitude — - 166.1 - 2.22044 


equal 
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equal to 20, 9 © 06”, the Difference of Longitude 
3 N 8 


9 From what has been ſaid, it will be ealy to 
ſolve a Traverſe according to the Rules of Mercator's 
Sailing. 


E xample 


| Suppoſe a Ship at the Lizard in the 1 0 509, 
oo North, is bound to the Madeira, in the Latitude 
of 32, 20' North, the Difference of Longitude, be- 
tween them, being 119, 40“ the Weſt End of the Ma- 
deira, lying ſo much to the Weſtward of the Lizard, 
and conſequently the direct Courſe and Diftance (by 
Caſe 2. of this Se.) is South 269, 15' Welt 118179 
Miles; but by reaſon of the Winds ſhe is forced ws 
fail on the following Courſes (Allowance being made 
for Lee-way and Variation, Sc.) viz. SS W 44 Miles, 
S 4 W Welt 36 Miles, S Wp S 56 Miles, and 85 
E 28 Miles. "Recuired the Latitude the Ship is in, 
her Bearing and Diſtance from the Lizard, and her 
direct Courſe and Diſtance to the Madgira, at the 
End of theſe Courſes, 


The Geometrical Conſtruction of this J. nes is per- 
Weine by laying down the two Ports according to 
Conſtruction of Caſe 2. of this Sec. and the ſeveral 
Courſes and Diſtances according to Caſe 3. by which 
we have the following Solution by Calculation. 


15 Courſe 8 8 W. Diſtance 44 Miles 
Fo or Difference of Latitude. 


is to the Diſtance « - 4 — 1.64346 
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ſo is the Co ſine of the Courſe 229, 30 9.96362 
to the Difference of Latitude 40.65 - - 1.60 


and ſince the Courſe is Southerly, therefore the Lati- 


tude come to will be 499, 20 North, and conſequent- 
ly the meridional Difference of Latitude will be 61.8. 


Then, Fr 


For Difference of Longitude. 


AS Radius „ — ..- 10 00000 
is to the inlarged Diff of "oY - 618 - 1.79099. 
ſo is the Tang of the Courſe 22%, 30“ 9.61722 
to Dy. of Dif. of LON 28.5 1.40321 


2. Courſe Sb W Weſt, Diſtance 36 Miles. 
F. or Difference of Latitude. 


( 


As Radius - - - - - - 10.000 
is to the Diſtance - - - 36 - < 1.55630 
ſo is the Co-fine of the Courſe 169, 327 9.98090 
to the Difference of Latitude 34. 46 1.53720 


and ſince the Courſe is Southerly. therefore the Lati- 
tude come to, will be 489, 45”. Hence the meridional 


Difference of Latitude will be 33.4. Then, 


For Difference of Longitude, 


As Radius - - - - = = 10.00000 
is to the inlarged Diff of Lat. 53.4 = * 172754 


ſo is the Tang of the Courſe 16%, 52/ - 9.48171 
to the Difference of Longitude 16.19 — 1. 20925 | 


3. Courſe S W 8. Diſtance 56 Miles. 
F or Difference of Latitude. 


As 


| Wh 4 
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Az Radius. io bn 4 nets I 0.000006 
is to the Diſtance - - + - $6 174419 
ſo is the Co- ſine of the Courſe 33, 45 - 9.9198; 
to the Difference of Latitude 46. 56 - 1 66804 


conſequently the Latitude come to is 47, 59/, and 
therefore the inlarged Difference of Latitude will be 
69.2, Then 


i \ 


For Difference of Longitude. 


As Radius 000000 
is to the inlarged Diff of . 65 2 1.84011 
ſo is the Tang of the Courſe 330, 45” - 9.82489 


to the Difference of Longitude 46.24 - 1.66500 
4. Courſe S E, Diſtance 28 Miles. 
Fe or Difference of Latitude. | 
As Radius: ==. - = <-> - = .-10:00800 
is to the Diſtance - _ - = - - 28 r ,&C7I0 
ſo is the Co-ſine of the Courſe 11%, 15” = 9.99157 
to the Difference of Latitude 27 46 - 1. 43973 


conſequently the Latitude come to will be 49% 31 
and hence the meridional Difference of Latitude will 
be 43:2. Then 


For Difference of Longitude. 


Feen,, = = - 10.00000 
is to the inlarged Difference of Lat. 43 2 1.635418 
ſo is the Tang. of the Courſe - 11%; 15 9.29866 
to the Dilt. of Longitude - - - 8.59 - © 93414 


ow * ae Courſes and Diſtances, together 
with the Difference of Latitude and Longitude | belong- 
ing to each of them, being ſet down in their proper 
Columns! in the 7. raver/e Table, will ſtand as follow. 
_ Courſes 
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Courſes , 


5 Diſtances 


- >" 44 
W -. 36 
- - $56 
„ 28 


Diff. of Lat. 


| —— 


— — | 


III 


5 


4.6 


34-40 
46.50 


— 


575 if = 


bY 


Oc 
x 4 
—— —ü—ͤ—«—U 


8. 


27.46 


149.13 


Dif. 7 Lorg. 79-44 [| 


N 


5 


9 


8.59 


| * - 


_ 
wn 
. 


Shines ie it is is plain chat the Ship has made of South 


ing 149.13 Minutes, and conſequently has come to 


the Latitude of 47, 31“ North, and ſo the meridi- 
onal Difference of Latitude between that and her firſt 


Latitude will be 226.1; and fince ſhe has made of 


Difference of Longitude 79.44 Minutes Weſterly , 


therefore for the direct Courſe and Diſtance between 


the Lizard and che Ship it will be, (by Caſe a. 5 this 


* 


As the c 0. Diff. of Latitude 46 1 


For the direct Courſe. 


1s to Radius 


ſo is the Difference of Longitude 79-44 
to the Tang. of the Courſe 


Then 


As Radius 


is to the proper Diff. 5 Lat. 
ſo is the Secant of the Courſe 19, 220 
to the direct Diſtance 


195, 22 
which, becauſe the Difference of Latitude is Souther- 
ly, and the Difference of Longitude Weſterly, will 
be South 197, 22“ Weſt, or S W 89, 7“ Weſterly. 


158 


For the direct Diſtance. 


149. 13 


2.35430 


- IO. 00000 


1.90004. 


9.54593 


_ 10,00000 


2.17349 


10. 9.70830 


2.19879 
From 


tween the Lizard and the Ship - 
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From the Latitude the Ship is in - - 47, 31“ N 
ſubtract the Lat. of the Madeira - - 32 „ 20 N 


and there remains 13 5 11 
equal to 911 Minutes, the proper Difference of Lati- 


tude between the Ship and the Madeira. 


Again, from the merid. Parts anſwering 3 1248. 
to the Latitude the Ship is in 5 1 

Take the meridional Parts anſwering . 3 
the Latitude of the Madeira - - ia 

and there remains „ 1196.4 4 


the inlarged Difference of Latitude between the Ship 
and the Madeira. 


Alſo, from che Diff. of Long. be- 1 if WW 
between the Liz. and the Madeira T FR VP Wh 
Take the Difference of Long. 25 A 9 2 


» 


and there remains - - 10, 20 FECT 


equal to 620.56 Min. of Diderence of Longitude be 


tween the Ship and the Madeira Weſterly. 


Then for the direct Courſe and Diſtance between the 


Ship and the Madeira, it will be 


F or the direct Courſe. 


As the merid. Dif. of Latitude 1 196, 4 - 3.07789 
is to Radius 10.00000 
ſo is the Diffexence af Lingimude 656 56 2.79278 
to the Tang. of the Courſe - 27% 25” - 9.71493 


For the  Cired Diſtance. | 


Ak Radius FF * — — — — 23 10,00000 
is to the proper Dis, of Latitude 911 2.95957 


. 


- 
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ſo is the Secant of the Courſe 270, 2 5 = 10.05174. 


to the direct Diſtance — - 1027 - = 3.01126 


10. Ir is very common in working a Day's Rec- 


koning at Sea, to find the Difference of Latitude and 
Departure to each Courſe and Diſtance, and adding 
all the Departures together, and all the Differences of 
Latitudes for the whole Departure and Difference dt 


Latitude made good that Day ; from thence (by Caſe 

8. of this Section) to find the Difference of Longitude, 
Be made good that Day. Now that this Method 
is falſe, will evidently appear, if we conſider that the 
lame Departure reckoned on two different Parallels 
will give unequal Differences of Longitude z and con- 


ſequently, when ſeveral Departures are compounded 


together and reckoned on the fame Parallel, the Dif- 
terence of Longitude reſulting from that, cannot be 
the ſame with the Sum of the Differences of Longi- 


tude reſulting from the ſeveral Departures on different 


Parallels; and therefore I have choſen in the laſt Ex- 
ample of a Traverſe, to find the Difference of Longi- 
tude anſwering to each particular Courſe and Diſtance, 
the Sum of which mult be the true Difference of Lon- 


gitude made good by the Ship on theſe ſeveral Courſes 


and Diſtances. 
11. We ſhewed at Art. g. of this Section, wy to 


conſtruct a Mercator's Chart, and now we ſhall 
ceed to it's ſeveral Uſes; contained in the following 


Problems. 
Prob. 1. Let it be required to lay down a Place 


upon the Chart, it's Latitude, and the Difference of 


Longitude between it, and fome known Place-upon 
the Chart being given. 


Example. Let the known Place be the Lizard, ly- 


ing on the Parallel of 50®, oo' North, and the Place 
to be laid down S- Katherines, on the Eaſt Coaſt of 


America, diftering in Longitude from the Lizard, 
420, 365 lying ſo much to the Weſtward of it. 


Let 
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Let L repreſent the Lizard on the Chart, (lee 


Plate 1.) lying on the Parallel of 502?, o North, it's 


Meridian AE. Set off from E upon the Equator 
EQ 42 , 36', towards Q, which will reach from 


E to F. 1 F draw the Meridian F G, and this 


will be the Meridian of &, Katherine's; then ſet off 
from Q to H upon the graduated Meridian Q B, 


28 Degrees; and thro' H draw the Parallel of Lati- 


tude H M, which will meet the former Meridian in 
K, the Place upon the Chart required. 
Prob. 2. Given two Places upon the Chart, to 


find their Difference of Latitude and Difference of -1 


Longitude. 

Through che two Places draw Parallels of Latitude; 
then the Diſtance between theſe Parallels numbered in 
Degrees and Minutes upon the graduated Meridian, 
will be the Difference of Latitude required ; and thro' 
the two Places drawing Meridians, the Diſtance be- 
tween theſe counted in "Degrees and Minutes on the 


_ Equator, or any graduated "Parallel, will be the Dif— 


terence of Longitude required. 
Prob. 3. To find the Bearing of one Place from 
another upon the Chart. 
Example. Required the Bearing of St Katherines at 
K, (fee Plate 1.) from the Lizard at L. 1 
Draw the Meridian of the Lizard A E, and join K 


and L with the right Line K L., then by the Line of 


Chords meaſuring the Angle K L E, and with that 
entering the Table at Page 156, we ſhall have the 
Thing required. 

This may alſo be done, by having Compaſic 
drawn on the Chart (ſuppoſe at two of it's Corners) 
then lay the Edge of a Ruler over the two Places 


and let fall a Perpendicular, or take the nearett 


Diſtance, from the Center of the Compaſs next the 


firſt Place, to the Ruler's Edge ; then with this Di- 


ftance in your Compaſſes, ſlide them along by the 


Ruler's Edge, IG one Foot of them cloſe to. 


tlie 


Fo Y FLY aa_ D444 - 


rallel. 
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| the Ruler, and the other as near as you can judge 


perpendicular to it, which will deſcribe the Rumb 
required. 


Prob. 4. To find the Diſtance between two given 


Places 1 the Chart. 


This Problem admits of four Caſes, according to the 
Situation of the two Places, with reſpect to one 
another. 


Caſe 1. When the given Places lie both upon the 
Equator. 


In this Caſe their Diſtance is found by converting 
the Degrees of Difference of Longitude interceptec 


o 


between them into Minutes. 


Caſe 2. When the two Places lie both on the ſame 
Meridian. 


Draw the Parallels of thoſe Places, and the Degrees 
upon the graduated Meridian, intercepted between 


thoſe Parallels, reduced to Minutes, give the Diſtance 
required, 


Caſe 3. When the two Places lie on the ſame Pa- 


Example. Required to find the Diſtance between 


the Points K and N, (ſee Plate 1.) both lying on the 


Parallel of 280, oo' North. Take from your Scale 
the Chord of 609, or Radius, in your Compaſſes, and 
with that Extent on K N as a Baſe, make the Jſoſceles 
Triangle K PN; then take from the Line of Sines 
the Co-ſine of the Latitude, or Sine of 629, and ſet 
that off from P to Sand T. Join S and T with the 
right Line 8 T, and that applied to the graduated 
Equator will give the Degrees and Minutes upon it 
equal to the Diſtance ; ; which, converted into Mi- 


nutes, will be the Diſtance required. 


The Reaſon of this is evident from Se. VIII. for 

it has been there demonſtrated, that Radius is to the 

Co-ſine of any Parallel, as the Length of any Arch 

on the Equator, to the Length of the ſame Arch on 

that Parallel : Now in this Chart K N is the 1 | 
, 8 of 
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of the Meridians of the two Places K and N upon 
the Equator, and ſince in the Triangle PN K, ST 
is parallel to K N, therefore PN:PT::NK:TS. 
Conſequently T 8 will be the Diſtance of the two 
Places K and N upon the Parallel of 289. 

If the Parallel the two Places lie on, be not far from 
the Equator, and they not far aſunder; then their 
Diſtance may be found thus. Take the Diſtance 
between them in your Compaſſes, and apply that to 
the graduated Meridian, ſo as the one Foot may be as 
many Minutes above, as the other is below the given 
Parallel, and the Degrees and Minutes intercepted, 
reduced to Minutes, will give the Diſtance. 

Or it may alſo be found thus. Take the Length 
of a Degree on the Meridian at the given Parallel, and 
turn that over on the Parallel from the one Place to 
the other, as oft as you can; then as oft as that Ex- | 
tent is contained between the Places, ſo many Times 
60 Miles will be contained in the Diſtance between 
them. 

Caſe 4. When the Places differ both in Longitude 
and Latitude. 

Example. Suppoſe it were required to find the "WP 
| ſtance between the two Places @ and e upon the Chart. 


„ e 2. Find the Difference of Latitude between 
them, and take that in your Compaſſes from the gra- 
duated Equator, which ſet off on the Meridian of a, 
from @ to &; then thro* þ draw & c parallel to de, and 
taking ac in your Compaſſes, apply it to the graduated. 
_ Equator, and it will ſhew the Degrees and Minutes 
contained in the Diſtance required, which multiplied 
= by 60 will give the Miles of Diſtance. 

The Reaſon of this is evident from Art. 8. of this 
Setz. for tis plain 4 d 15 the inlarged Difference of La- 
titude and 40 the proper; conſequently ae the in- 

larged Diſtance and a c the proper. 


Prob. 
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Prob. 5. To lay down a Place upon the Chart, it's 


Latitude and Bearing from ſome known Place upon 


the Chart being known; or (which is the ſame) hav- 
ing the Courſe and Difference of Latitude that a Ship 


has made, to lay down the Running of the Ship, and 


find her Place upon the Chart. 
Example. A Ship from the Lizard in the Latitude 


of, go, oo“ North, fails SS W *till ſhe has differed 


her Latitude 36®, 400%. Required her Place upon 
the Chart, 


Count from the 1 at L, on the graduated 


Meridian downwards (becauſe the Courſe is Southerly) 


369, 40' tog; thro' which draw a Parallel of Latitude, 
which will be the Parallel the Ship is in; then from 
L draw a SSW Line Lf, cutting the former Pa- 
rallel in f, and this will be the Ship's Place upon the 


Chart. 

Prob. 6. One Latitude, Courſe, and Diſtance, 
failed, given, to lay down the Running of the Ship, 
and find her Place upon the Chart. 


Example. Suppoſe a Ship ar 4 in the Latitude of 


209, oo North, fails North 37, 20“, Eaſt 19 1 Miles. 
Ronaired the Ship's Place upon the Chart, 

Having drawn the Meridian and Parallel of the 
Place a, ſet off the Rumb Line ae, making with a 5 


an Angle of 379, 20%, and upon it ſet off 191 from a 
to c; thro' c draw the Parallel cb, and taking a4 in 


your Compaſſes, apply it to the graduated Equator, 


and obſerve the Number of Degrees it contains; then 


count the ſame Number of Degrees on the graduated 


Meridian from C to h, and thro' þ draw the Parallel he, 


which will cut 2 c produced i in the Point e, the Ship 8 
Place required. 


Prob. 7. Both Latitudes and Diſtance failed, given, 


to find the Ship's Place upon the Chart. 


Example. uy ole a Ship fails from a, in the Los 
tude of 20, oo Nord, between North and Eaſt 191 
| 8 3 | Mules, 
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Miles, and is then in the Latitude of 459, o North. 
Required the Ship's Place upon the Chart. 

Draw de the Parallel of 459, and ſet off upon the 
Meridian of a upwards, 2 þ equal to the proper Diffe- 
rence of Latitude taken from the Equator or graduated 
Parallel. Thro' & draw & c parallel to de; then with 
191 in your Compaſſes, fixing one Foot of them in 4 
with the other croſs Se in c. Join à and c with the 
right Line ac, which produced will meet de in e, 
the Ship's Place required. 

Prob. 8. One Latitude, Courſe, and Difference of 


Longitude, given, to find the N 8 Place upon the 
Chart. 


Example. Suppoſe a Ship from the Lizard 3 in the 


Latitude of 30, oo' North, fails S WC W, till her 
Difference of Longitude is 42, 30, Required the 
Ship's Place upon the Chart. 

Having drawn A E the Meridian of the Lizard at 

L, count from E to F upon the Equator 429, 36', and 
5 thro' F draw the Meridian FG; then from L draw 

the SWS W Line LR, and where this meets FG, as 
at K, will be the Ship's Place required. 
Prob. 9. One Latitude, Courſe, and Departure, 
given, to find the Ship's Place upon the Chart. 
! Example. Suppole a Ship at 2 [in the Latitude of 
200, oo North, ſails North 399, 23 Eaſt, till ne 
has made of Departure 116 Miles. Required the 
Ship's Place upon the Chart. 

Having drawn the Meridian of a, at the Diſtance 
of 116, draw parallel to it the Meridian & 1. Draw 
the rumb Line à c, which will meet E J in ſome 
Point c; then thro' c draw the Parallel cb, and ab 
will be the proper Difference of Latitude, and h c the 
Departure. Take 4 b in your Compaſſes and apply it 
to the Equator or graduated Parallel; then obſerve 

the Number of Degrees it contains, and count ſo many 
on the graduated Meridian from C upwards to b. 
Thro' .b draw the Parallel þ e, which will meet ac 


produced 


| Mercator's Sailing. 261 


produced i in ſome Point as e, which is the Ship! $ | Place 


upon the Chart. 

Prob. 10. One Latitude, Diſtance, and Departure, 
given, to find the Ship's Place upon the Chart. 
Example. Suppoſe a Ship at à in the Latitude of 


20% oo' North, fails 191 Miles between North and 


Eaſt, and then is found to have made of Departure 116 

Miles. Required the Ship's Place upon the Chart. 

' Having drawn the Meridian and Parallel of the 
Place a, ſet off upon the Parallel a equal to 116, 


and thro' n draw the Meridian & /, Take the given 


Diſtance 191 in your Compaſſes, ſetting one Foot of 
them in a, with the other croſs &] in c, join à c, and 
thro* c draw the Parallel c 5; ſo ch will be the Depar- 
ture, and a the proper Difference of Latitude z then 
| proceeding with this as in the foregoing Problem, you 
will find the Ship's Place to be e. 

Prob. 11. The Latitude failed from, Difference of 
Latitude and Departure, given, to find the Ship 8 
Place upon the Chart. 


Example. Suppoſe a Ship from a in the Latitude of 


20, oo“ North, fails between North and Eaſt, 'till 


ſhe be in the Latitude of 459, oo North, and is then 
found to have made of Departure 116 Miles. Re- 
quired the Ship's Place upon the Chart. 

Having drawn the Meridian of a, ſet off upon it 
from à to 5 25 Degrees, (taken from the Equator 
or graduated Parallel) the proper Difference of La- 
titude ; then thro' & draw the Parallel þ c, and make 


c equal to 116 the Departure, and Join ac. Count 


from the Parallel of 2 on the graduated Meridian up- 
wards to h 25 Degrees, and thro? & draw the Parallel 


be, which will meet @ c produced in ſome Point e, 


and this will be the Place of the Ship required. 


12. In Seck. VII. 'tis plain that the Terms Meri. 


dional Diſtance, Departure, and Difference of Longitude 
were ſynonymous, conſtantly ſignifying the fame 
Thing which evidently followed from the Suppo- 
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ſition of the Earth's Surface being projected on a 


Plain, in which the Meridians were made parallel 


and the Degrees of Latitude equal to one another 


and to thoſe of the Equator. But ſince it has been 


demonſtrated (in this Section) that, if in the Projection 
of the Earth's Surface upon a Plain, the Meridians 


be made parallel, the Degrees of Latitude muſt be 


unequal, ſtill increaſing the nearer they come to the 
Pole. It follows that theſe Terms muſt denote Lines 
really different from one another. Difference of Lon- 
gitude is defined at Art. 14. Sect. III. Meridional Di- 
ance at Art. 3. Set?, VII, and Departure at Art. 8. 


of this Section. 
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2941.7 


2 
O 
— 
— 
O 


] 
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N 
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— 
23 
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090 | 
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dd 


100 3681.5| 3780.4 [3881.7] 3985 5 [4091.9 | 4201.1 
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6 4202.4 


2 | 4277-4 


$7. 
Min. 
4238.1 

4240.0 


4241.8 | 


3 
4245.0 
$44 
4+£49<3 
4251.2 
4253.0. 
F<I#-9 
4256.8 


4258.6 | 


4260 5 


4264.3 
4266.1 
4268.0 
4269.9 
4.271 8 
4273.0 
4®/5+*5 | 


4=79+3 
4281.1 
4283.0 
4284.9 
4286.8 
4288.7 
4290. 6 
4292-5 


Min. 


1 


. 


—— 
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_— 


35 4477-7 [4598.0 [4722.6] 4850.349828 5120.1 | 5262.6 
36 4479.7 [4900.1 [4724-2] 4852 5 [4985.1 | 5122.5 | 5265.0 
3714481 7 [4002.1 [4726.3] 4854 6]4987.3] 5124.8 | 5267.4 
138] 4483.6 4604 1 4728.4] 4350.8 4989 © 5127.1 | 5269.8 
39] 4485 6 4606.2 47 30.5 4859.0 [4991.8] 5129.5 | 5272.3 | 

40 4487.6 4608.2 4732.0 4861.2 [4994-" | 5131.8 [5274.7 
[41 | 4489.6 |4010.3 4734.7 4863 3 [4990 .3| 5134.1 [5277.1 
42 4491.64612.3 [4736.9] 4865 5 [4998.0 | 5136.5 | 5279.5 | 
431 4493-5 [4014-3 [4739-0] 4867.7 | 5000.9 | 5138.8 | 5282.0 
44 4495-5 [4016-4 [474!-1] 4869.9 | 5003-1 | 5141-2 5284.44 
45 4497-5 [4018.4 [4743-2] 4872.1 [5005.4 | 5143.5 | 5286.8| 
401 4499.5 14020 5 [4745-3] 4874-3 [5007.6] 5145.9 | 5289.3 | 
147]4501.5 [4922-5 [4747-4] 4876.4 [5009.9 | 5148 2 | 5291.7 
48 4503.5 [4024.5 4749.5 4878 6 |5012 2| 5150.6 5294.2 
49] 4505.5 [4020.6 [4751.7] 4880.8 | 5014 4 $152.9 | 5296.6] 
5 45075 [4028.7 [4753.8] 4882 © 50167 | 5155-3 5299.0 
511 4509.4 [4039-7 [4755-9] 4885-2 [5019.0| 5157.0 [5301 5 
8 5021.2 | 5160.0 | 5303.9 

531 4513.4 [4034.8 | 4760.1] 4889 6 5023.5 5162.3. 5306.4 
154| 4515-4 [4030 9 4762.3 4891.8 | 5025.8| 5164.7 | 5308.8 
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O OSS = © 


| 


5343+3 


| 5305.0} 
5368.1 


[5379-5 
5373.0 


5378.0 
5380.5 


| 5388.0 


66 
| Min. 


5323.6 


5320.0 
5328.5 


5330.95 


83334 
$2359 


5338.3] 


5340.8 


5345-7] 5497 


5348.2 


$99 %7 |. 


5353-2 
5355-0 
5358-1 


5360.6 5 


5363.1 


1 


5393-0 
5385.5 


5389.5 
5393.0 
$3955 

Min. 


66 © 
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69 


Me. 1 MIR; * 
5879.3 
5882.1 
5885.0 
5887.8 6063.7 
5890.7 6066.7 


5893.6 6069.7 
2 5896.4 

5899 3 
5902 2 


5905.1 


$907 9 
56010 8 
$913-7 
5916.6 
5919.5 


459224 
7 5925.2 
5928.1 
5931.0 
59339 


70 


Minu. | 


6054-7 
6057.7 
6060.7 


6072.7 
6075.7 


6078.8 


6081.8 
6084.8 


6087.8 
6090.86 


6093.9 
6096.9 
6099.9 
0103 © 
0106.0 
0109 1 
6112/1 


5930.8] 
) 15939-7 
5942.6 
5945-5 

5948.5 


1971 
5954˙3 
$9974 
5960.1 
8 5963.0 
n. | Min. 


69 


6115.1 


6118.26 


6121.2 
6124.3 


6127.4 |6 


6130.4 
0133.5 
6136.5 
6139.6 


6142.76 


Miz. 


70 


. 
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RR 


1 9 — oN 


75 


Min. 


6970.3 
6974-2 
6978.1 
ws Bi 
0989.9 
6993.6, 


7001.4 
207.3 


2013-1 


6980.9. 


7009.2 7251.0 


7017.0; ;7 200 O 
7020.9 
6.9]7024.8 
7028.7 
.2]f032.7 
7036 6 
7040. 5 
7044 5 
017048. 4 
717052.4 
7056.3 
7060.3 

8 7064.2 


72101 


572142 


7218.3 


7222 5 
7226.6 


7230.8 
1723779 


6997-5 7239.1 


7243.3 
7247.5 


7255.8 


7264 2 
7208.4 
7272.6 
7270.8 
7201.0 
7285.2 
7280.4 
7293.7 
197-9 
7302.1 
7300.4 
7310.6 


7557-2 
7501.8 

7566.3 
7570.9 
2285 


I 


11 


U ö eee 


40 
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286 


A Table of Meridional Parts. 
e 81 82 TY 5 94 
Im. Min. | Min. | Min, | Min. 

o | 8375.3 | 87391 9145.6 | 9605.9 | 10137.0 
1 | 8381.0 | 8745.5 | 9152-7 | 9614.1 | 10146.6 
2 | 8386.8 | 8751.9 | 9159.9 | 9622.4 | 10156.2 
3 | 8392.6 | 8758 3 9167.2 | 9630.6 | 10165.8 
4 8328.3 8764.8 | 91744 9038.9 | 10175.4 
| 5 | 84041 | 8771.2 9181.5 9647.2 | 10185.1 | 
| 6 | 8409.9 | 8777.7 | 9188.9 | 9655.2 | 10194.5 
7 | $415.8 | 8784 1 9196.2 | 9663.8 | 10204.6 
83 | 8421.6 | 8799.6 | 9203.5 | 9672.2 | 10214.4 
g | 8427.4 | 8797.1 9210.8 | 9680.56 | 10224.2 
{ 10 8433.3 | 8803.0 9218.1 9689.010234. 0 
11 8439.1 | 8810.1 9225.4 | 9697.4 | 10243.8 
12 | 84450 | 8816.6 | 9232.5 9705.8 | 10253.7 
13 | 8450.9 | 8823.2 | 92492 | 9714-2 10263.6 
14 | 3456.8 8829.7 9247.6 | 9722.7 | 102735 | 
15 | 8462.6 | 8830 92550 | 9731.2 | 10283.5 
16 | 8468.6 | 8842.8 | 9262.4 | 9739.7 | 102935 
i7 | 8474.5 | 8849.4 | 92099 | 9748.3 | 10303.5 | 
18 | 8480.4 | 8856.0 | 9277-3 | 9756.8 | 10313.0 
19 | 8486.3 8862.6 | 9284.8 9765.4 | 10323.7 
20 | 8492.3 | 8869 3 9292.3 | 9774.0 | 10333.8 
21 | 8498.2 | 8875.9 9299.8 | 9782.7 | 10344.0 
22 | 8504.2 | 8882.6 9307.3 | 9791.3 | 103541 
23 [8510.2 | 8889.2 | 9314.8 800.0 {| 10304.3 
24 | 85162 | 38959 9322.4 9808 6 | 10374-5 | 
25 8522.2 8902.0 93300 9817.3 | 10384.8 
26 | 8528.2 8909 3 9337.5 | 9829.1 | 10395-1 | 
| 27 | 8534-2 8910.0 9345.2 | 9834.8 | 10405.4 
28 | 8540.2 | 8922.7 0352 9843.6 | 10415.8 
[29 | $5462 | 89295 7 9304 | oh5es | 10400: 
M | Min. Min. Min. \ Min. | Min. 
GH. 81 82 5 84 
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83 


Min. 
9851.3 
9870. 1 


9879.0 


9887.8 


9890.7 


9905 7 


9914.0 
9923.6 


9932.7 
8 | 9941.7 


9950.8 


9959.8 

99689 

9978.0 
2287.2 


9996.3 


1006.8 
10014.8 | 
- TO024:0 1: 
3 | 10033.3 
4 10042.0 5 
10051.9 fe 
10061.3 
10070. 6 


10080 Oo 


888 
10098. 9 


10108.4 
101179 


| 10127.4 
Min. | 


84 


— — 


Min. 
10436. 6 


10447. * x 


| 10457-5 
10468. o 


10478. 5 


10489. 1 


18299. 7 


105 10.4 
IOG21.1 


10531.8 | 


10542.6 


1033 0-9 
10564.1 


105749 | 


10585.9 


10741.8 
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{ 10 


Ebbe 


85 
"Min. 


10704.7 

10776. 2 
10787 .7 
107993 


10810. o 


10941. 2 
10953.3 
1065. 5 
110977.7 


10989 9 


TIOOZ2.2 


| 11014.5 
11026.9 


11039.3 
I1051.7 


* 


11709. 1 
| 11724.2 | 
217394 
CET IT / 
11770. o 
11785. 4 


11800. 9 
118164 
11832. 0 
11847.6 
11863.4 


11879.2 
| 1189.1 
1191 1.0 


11927.1 
11943.1 


— — ne 


8 


| 5 
Min. 


—— 


11252243 
125414 


12560. 7 
12580. o 


12509.¹5 


12739.1 


12759˙5 
12780. o 


12800. 7 


12821.5 


12842 5 


128635 


12884.7 


129060 


I 2927.4 
I12948.9 
12970.6 


12992.5 


13014.4 
13036 © 
130538.8 


1308.2 
119594 
111975.6 
Min 


13103 8 


131265 


Min. 
87 


88 
Min 
13916.6 
1.3945 -4 
13974-4 
14003.7 
140332 
14003 © 
14093. 0 
14123.3 
141 53.9 
14184. 7 
142158 
14247.2 
142789 


14408.7 
14441.9 
14475˙4 
4509.3 


| 14578.1 
14613. o 
14648.3 
14983 9 
14719.9 


14310.9 | 
14343-2 | 
14375-8 | 


145435 | 


147 56.3 


89 
Min. 
I 6299.8 


10357.5 


16416.3 
16476.1 


165558 


165949 
16862. 0 
16726.2 


16791.7 


16858. 5 
16926. 5 
16990. 6 
17066. 9 


17130. 3 
17213.2 


17288. 7 


173660 
1 
177.9 


17608. 7 


17693.6 
17780. 7 
17869. 9 
17901.6 
18055.8 
18152.6 
18252.3 
18354.9 
18460. 7 


18569.8 


Min. 


— (— 


89 


22 
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L. | 85 86 87 88 89 5 
M | Min. | Min. | Min. | Min Min. 
30 | 11127.4 | 11992.0 13149.3 14905.8 | 18682.5 
31 | 11140.1 | 12008.4 | 13172.3 | 14944.2 | 18799.1 
32 | 11152.9 | 12024.9 | 13195.5 | 14983.0 | 18919,7 
33 | 11165.8 | 12041.5 | 13218.8 | 15022.3 | 10044.7 
34 | 11178.7 | 12058 2 | 13242.3 1502.1 191744 
35 | 11191.7 1204.9 | 13265.9 | 15102.3 | 19309.2 
36 | 11204.7 | 12091.7 | 13289.7 | 15143.0 | 19449.5 | 
37 | 11217.7 | 12108.6 | 13313.7 | 15184.2 | 19595.8 | 
38 | 11230.9 | 12125.6 | 13337.8 | 15225.8 | 19748.6 
39 | 112440 | 12142.7 | 13362.1 | 15268.0 | 19908.5 

| 49 | 11257.2 | 12159.9 | 133866 | 15310.7 | 20075.2 | 
41 | 11270.5 | 1277.1 | 13411.2 | 15354.0 | 20252.5 
42 | 11283.8 | 12194.4 | 13436.1 | 15397.8 | 20438.3 
43 | 11297.1 | 12211.8 | 13461.1 | 15442.1 | 20634.8 
44 11310.6 | 12229.3 | 13486.3 | 15487.0 | 20843.1 
45 | 113240 | 12246.9 | 13511.6 | 15532.6 | 21064.9 

1 46 | 11337.6 | 122646 | 13537.2 | 15578.7 | 213020 

1 47 | 11351.1 | 12282.4 | 13563.0 | I15625.5 | 21556.6 

48 | 11364.8 | 12300.2 | 135889 | 15673.0 | 21831.7 
49 | 11378.4 | 12318 2 | 13615.1 | 15721.0 22130.6 
5o | 11392.2 | 12336.3 | 13641.4 | 15769.8 | 22458.0 
51 | 11406.0 | 12354.4 | 13668.0 | 15819.3 | 22819.9 
52 114198 | 12372.7 | 13694.7 | 15869.5 | 232243 
63 | 11433.7 | 12391.0 | 13721.7 | T5920.4 | 236829 
54 | 11447-7 | 124095 13748.9 | 159721 24211.8 

| 55 | 11461.7 | 12428.0 | 13776.3 | 16024.6 | 24836.9 
95 | 11475.8 | 12446.7 | 13803.9 | 16077.9 | 25600.8 
67 | 11489.9 | 12465.3 | 138331.7 | 16132.0 | 26582.9 
58 | 11504.1 | 12484.2 | 13859.8 | 16187.0 | 27958.0 
59 | 11518 3 | 12503.1 | 13888.1 | 16242.9 | 30304.3 
M Min. "Mn. Min Min Min. 
* FF | 89 88 
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Ag the Diſtance in the Second, to find which 


s E C T. XI 
V Oblique Sailing. 
HE Queſtions that may be propoſed on this 


Head being innumerable, I ſhall only give a 
few of the moſt uſctul. 


PROB. 


Coaſting along the Shore I ſaw a Cape bear from 


| me NNE, then I ſtood away NWW 20 Miles, 
and I obſerved the ſame Cape to bear from me NE. 


Required the Diſtance of the Ship from the Cape at 


cach Station. 


| Geometrically, 


Draw the Circle NW SE. to repreſent the Compats, 
N S the Meridian and WE. the Faſt and Weſt Line, 
and let C be the Place of the Ship in her firſt Station; 


RR then from C ſet off upon the 
— NWZ W Line, CA 20 


Place of the Ship in her 
D ſecond Station. 


SJ. From C draw the NNE | 
WE. Line CB, and from A draw | 


AB parallel to the NE 4 E 
Line CD, which will meet 


Diſtance of it from the Ship in it's Grit Station, and 


Þy 


Miles, and A will be the 


CB in B the Place of the | 
Cape, and CB will be the 


fi 


Oblique Sailing. 291 
By Calculation. 


In the Triangle AC B are given AC, equal to 
20 Miles, the Angle ACB. equal to 78“, 45% the 
Diſtance between the NNE and NWZ W Lines, 
alſo the Angle ABC, equal to BCD (by Art. 36. 
See. I.) equal to 339. 45”, the Diſtance between the 
NNE and NEG E Lines; and conſquently the An- 
gle A equal to 67, 30“ (by Cor. 1. Art. 61. Sect. I.). 
_ * Hence for CB the Diſtance of the Cape from the 
Ship in her firſt Station, it will be (by Caſe 2. of Ob- 
lique Trigonometiy) 


S. ABC: AC::S. BAC CB3. 


. e As the Sine of the Angle B 33®, 45“ 9.74474 


is to the Diſtance run AC - 20 - <= 1.30102 
ſo is the Sine of BAC - 67, 30 - 9 96562 
to TB --- 3 26 1.52191 


the Diſtance of the Cape from the Ship at the firſt 
Station. Then for A B it will be by the ſame Caſe. 


S. ABC: AC::S. ACB: AB. 


J. e As the Sine of B 33, 45' 9.74474 
„ie AC 1 ͤ 141900 
ſo is the Sine of C - 78, 45 - 9.99157 
Ao AB: >. 353 = 1.54730 
tne Diſtance of the Ship tom the Cape at her ſecond 
Station. 22 
PR OB. 2. 


Coaſting along the Shore I ſaw two Headlands, the 
firſt bore from me NEE 15 Miles, the other SSW 
20 Miles. Required the Bearing and Diſtance of theſe 
Headlands from one another. 


dy 5 i Ceometricallyi 


202 5 Oblique Sailing. 


Geometri cally. 


Hang drawn the Compaſs NWSE, let C repre- 


Line, to find which 


ſent the Place of the Ship, 


ſet off upon the NE E. 


Line CA 17 Miles from C 
to A, and upon the SSW 
Line CB 20 Miles from C 
to B, and join AB, then A 
will be the firſt Headland, 


and B the ſecond; alſo A B 
will be their Diftarice and - 
the Angle A will be the 


Bearing from the NE E 


y Calculation. 


2 FE Triangle ACB are given, AC 17, C B 20, 

and the Angle A CB equal to 1019, 15%, the Diſtance 

between the NE E and SS W Lines. Hence by 
5 Caſe 4. of Oblique Angular 7 rigonometry it will be 


A the Sum of the Sides AC and CB 37 1. 56820 


is ko their Difference - 
ſo is the Tang. of + the _— 
of the Angles A and B TY 


— = 5 0.47712 


, 227 9.91417 


to the Tang. of half their Diff. 3 , 49 - 8.82309 
conſequently the Angle A will be 439, 117, and the 


Angle B 35, 3⁴ ; alſo the Bearing of B from A 


will be $4 W 1®, 49“, Weſterly, and the Bearing 
of A from B will be N E 19, 49“, Eaſterly. 


Then for the Diſtance A B it will be, by Caſe 2. of 


: Oblique Angular © 7 Tigonometr 05 
S. A: 


S 
g 


Oblique Sailing. | ET | 
S. A:CB::S.C:AB, 


i. e As the Sine of A - 439% i' - 9.83327 
is to CB - - - - 20. - 1.30103 
ſo is the Sine of C 1019, 15 - - 9.99157 
JJ - -».--2$07-:-- = <: £,45793 


the Diſtance between the two Headlands. 
PROB. 35 


Coaſting along the Shore I ſaw two Headlands, the 
firſt bore from me NW SN, and the ſecond NN E; 
then ſtanding away EN Northerly 20 Miles, l 
found the firſt bore from me WNW Weſterly, 


and the ſecond NþW + ' Weſterly. Required the 


Bearing and Diftance of theſe two Headlands, 
Geometricalhy, 
Having drawn the Compaſs NWSE, let C repre- 


ſent the firſt Place of the Ship, trom which draw the 


NW4N Line CB, and the NNE Line CD, alſo 
the E N 2 zN Line C A, which make equal to 20. 
U 3 | From 


294 Oblique Sailing. 


From A draw AB parallel to the WNW W Line, 
and AD parallel to the N W. W meeting the two 
firſt Lines in the Points B and D; then B will be 
the firſt and D the ſecond Headlands. Join the 
Points B and D, and BD will be the Diſtance be- 
tween them, and the Angle C D B the Bearing from 
the N NE Line, to find FIRE 


By Calculation. 


i; tu the Triangle ABC are given the Angle 
BCA, equal to 104®, o“, the Diſtance between 
the N WSN Line, and the ENE E Line, the Angle 
BAC equal to 36% 24; » the Diſtance between the 
WSW W Line and the WNW. W Line, the 
Angle A B C equal to 299, 22“, the Diſtance between 
the ESE E Line, and the SW 4S Line, alſo the 
Side CA equal to 20 Miles, whence tor C B it will 
be ( by Caſe 2. of Oviique Trigonometry) / 


As the Sine of CBA 392, 222 9.80228 
510A C:- ei 120 I. zoo 
ſo is the Sine of CBA. = 200, 34 9.7750 
to 5, 18.790 1.27382 
the Diſtance 3 the firſt Headland, get, the 

Pp in her firſt Station, 


/ 


2. In the Triangle A CD, are given the Angle 
ACD equal to 479, 407, the Diſtance between the 
ENE 2 E Line, and the NNE Line, the Angle 
CAD equal to 929, 49, the Diſtance between thi 
WSW W Line, and the N4W + W Line, the 
Angle CDA equal to 399, 22/, the Diſtance be- 
tween the 8 S W Line, and the 8 þ E 2 E Line, allo 
the Leg CA equal to 20. 


Hence for C D it will be 05 Caſe 2. of Olique 
| 7 rigonometry) 8 N 


Oblique Sailing. 3 


As the Sine CAD - - 4399, 22! - 9.80228 
$t0 AC = - «= . 340402 
ſo is the Sine of C A D - 9255 34 9.99960 
DD = - 31.5 - - 1.49535 


the Diſtance between the ſecond Headland, and the 
Ship 1 in her firſt Station. 


3. In the Triangle BCD are given BC 18. 79, 
CD 31.5, and the Angle BC D equal to 569, 15, 
the Diſtance between the NW4N Line, and the 
N N E Line. 

Hence for the Angle C DB it will 5 (by Caſe 4. 
of Obligue Trigonon: retry = 


As the Sum of the Sides - 50.29 170140 
is to the Difference of Sides 12.71 — 1.10415 
ſo is Tangent of Sum; 61 = 90 
of the unknown Foote? Re oa din, 
to Tang. of half their Diff. 25 „ 18 - 9 67456 


conſequently the A Angle CBD is 87%, 100%, and the 
Angle CD B 369, 35”. Hence the Bearing of the 
firſt Headland from the ſecond will be 8 39 8, 


Wor SW4þ4W.2LW nearly, and for the Diſtance 


between them it will be 


As the Sine of BDC 46% bo. „ 9.77524 


o i 5 1.27382 
ſo i is the Sine of BCD = 569, 130 = 9.91985 
r n unn 


| the Diſtance between the two Headlands. 


This, and the firſt Problem, are of oreat Uſe i in 
drawing the lot of any Harbour, Or laying down 
any Sea Coaſt. 


PRO B. 4. 


Suppoſe a Ship that ke her Way g good kin 
6 * Points of the Wind, at North, is bound to a 
Por: bearing Eaſt 86 Miles Diſtance from her. Re- 


U 4 & ka 
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quired the Courſe and Diſtance upon each Tack, to 


N 1 


gain the e Port. 


Ceonetricaly 


Haviog wn the Compaſs NESW, let C repre- 


ſent the Ship s Place, and ſet off upon the Eaſt Line 
CA 66 Miles, ſo A will be the intended Port. Draw 


CD and CB on each Side of the North Line at 6 


Points Diſtance from - and thro' A draw AB paral- 


[Dp 


. to CD meeting CB in B; the the EN E 2 3 Line 


Cg, will be the Courſe of the Ship upon the Star- 
- board Tack, and CB it's Diſtance on that Tack ; 


alſo the ESE - FE. Line AB, will be the Courſe on 
the Larboard Tack, and B A the Diſtance on that 
Tacks to o find which 


By Calculation 


In the Triangle ABC are given, the Angle ACB. 
equal to 169, 537, the Diſtance between the Eaſt and 
ENE © E Line, the Angle CBA equal to 146, 14!, 


the Diſtance between the E N E z E and the WN W 
W Lines, the Angle BAC equal to 16, 53˙, the 
Diſtance between the Eaſt, and ESE + * E Lines, alſo 
AC 86 Miles. 

Hence ſince the Angle at A and C are equal, the 
Legs CB and B A will likewiſe be equal; to find 


either of which (ſuppoſe CB) it will be, by Caſe 2. 


of e 7. e A 
9 


1-0 
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As the Sine of B - 1469, 14 


9.74493 
is to Ac - - 86 - = = 1.93450 
ſo is the Sine of A 16, 33 9.46 302: 


. 4.944 1.65260 
the Diſtance the Sbip 1 muſt fail on each Tack. 


There is a great Variety of uſeful Queſtions of this 
Nature that may be propoſed, but the Nature of them 
being better underſtood by Practice at Sea, we ſhall 
leave them and go on to Current Sailing. 


* 


SECT. XII. 


Concerning Currents, and how to make proper Allow- 
ances yy them, 


YU R R ENTS are certain Settings of the 
Stream, by which all Bodies (as Ships, Sc) 
moving therein, are compelled to alter their Courſe 
or Velocity, or both; and ſubmit to the Motion im- 
preſſed upon mem by the Current. 


CASE 5 


— the Current ſets juſt with the Courſe of the Ship, 
(i. e.) moves on the fame Rhumb with it; then the 

Motion of the Ship is increaſed, by as much as is the 

Prift or Velocity of the Current. 


Example. 


Suppoſe a Ship fails SES at the rate of 6 Miles 
an Hour, in a Current that ſets SE4S 2 Miles an 
Hour. Required her true rate of failing, 
Here it is evident that the Ship's true rate of ll 
ing; will be 8 Miles an A 
CA 8 E 
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CASE 2. 
If the b ſets directly againſt the Ship's Courſe, 


then the Motion of the Ship is leſſened by as much 
as is the Weir of the Current. 


| Exanple 


"Panels 3 a Ship ſails S S Wat the rate of 10 Miles 
an Hour, in a Current that ſets NNE 6 Miles an 


Hour. Required the Ship's true rate of failing. 


Here it is evident that the Ship's true rate of fail- 
ing will be 4 Miles an Hour. Hence it is plain, 
"Tor. 1. If the Velocity of the Current be lets than 


8 Velocity of the Ship, then the Ship will get ſo 


much a Head as is the Difference of theſe Velocitics: 
Cor 2. It the Velocity of the Current be greater 


than that of the Ship, then the Ship will fall fo much 


a Stern as 18 the Lifter ence of theſe Velocities. 
Cor. 3.. Lefily, If the Velocity of the Current be 


equal to that of the Ship, then the Ship will ſtand 


ſtill ; the one Velocity deſtroying the other. 


CASE a. 
1 the Current twat the Courſe of the Ship, then 


it not only leſſens or augments her Velocity, but gives 


her a new Direction compounded of the Courſe ſhe 
ſteers, and the Setting of the Current, as is manifeſt 
from the following 


Lemma. 


If a Body at A be impelled by two Forces at 
the ſame Time, the one in the Direction AB ca- 
pable 
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pable to carry that Body from A toB in a certain 
Space of Time, and the other in 

the Direction AD capable to carry A LES 
it from A to D in the ſame Time: | | 
Complete the Parallelogram AB „„ 
_ CD, and draw the Diagonal AC; „„ 
then the Body at A agitated by >, LT 

theſe two Forces together, will | 63 
move along the Line A e bi Th 
will be in the Point C at the End UD TEA VC 
of the Time in which it would have moved along 

AD or AB with the Forces ſeparately applied 


Hence the Solution of the following Examples will 
be evident, 


Example 1. 


Suppoſe a Ship ſails (by the Compaſs) directly South 
96 Miles in 24 Hours, in a Current that ſets Eaſt 45 


Miles in the ſame Time. Required the Ship's tr true 
Courſe and Diſtance. 


G e 


Draw AD (fee the laſt Scheme) to repreſent the 
South and North Line of the Ship at A, which make 
equal to 96; from D draw DC perpendicular to AD 
equal to 45, and join A C, Then C will be the Ship's 
true Place, AC her true Diſtance, and the — 
CAD the true Courſe, To find which 


y Calrulation, 


©. rſs For the true Courſe DAC, it will be, by 
Caſe 4 . of Retiangular Fairen 


As the apparent Diſtance AD - 96 


3k, 1.98227 
IS to the Current s Motion DC - 45: = 


i 7 65321 


ſo | 


* 
* 


300 . Current Sailing: 


: ſo is Radius - > Sn ne #{s 10.00000 
to the Tangent of the true To 
Courſe DAC - * 252 07 . 5 5 67094 


conſequently the Ship s true Courſe is 8 259, 0% E 
or S SE 29, 37 ; Eaſterly. 


Then for the true Diſtance A C, it will be, by 
5 Ca ſe 2. of Refangular Trigonometry, 


As the Sine of the Courſe A 2 30, on 9.62784 
is to the Departure D FF„5F <= 208321 
ſo i 18 Radius 8 „ ee 
to . true Diſtance AC -,. 400 - .- : 2.02537 


Example 2, 


Suppoſe a Ship fails SE 120 Miles in 20 Hours, 
in a Current that ſets WN at the rate of 2 Miles 


an Hour. Required the Ship s true Courſe and Di- 
ſtance failed 1 in that Time. 


Geometricalh, 


Having drawn the Compaſs NESW, let C re- 
* the Place the Ship ſailed from; rau che SE 


Line C A, which make equal to 120; ; then will A 
be the Place the Ship pe at. 


From 
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From A draw AB parallel to the WN Line CD, 
equal to 40, the Motion of the Current in 20 Hours, 
and join CB; then B will be the Ship's true Place at 
the End of 20 Hours, CB her true Diſtance, and the 
Angle S C B her true Courſe. To find which 


By C an 


In the Triangle ABC, are given C A 120, AB 40, 
and the Angle CAB equal to 34, 45', the Diſtance 
between the ES and SE Lines, to find the * 
B and C, and the Side CB. 


Firſt, For the Angles C and B it will be, by Caſe 4. 
of Oblique Trigonometry, 


As the Sum of the Sides C A and A , 160 2.20412 
is to their Difference - += - 80 1.90309 
ſo is the Tang. of half the Sum g 

of the Angles B and C 5 73% 07 10.51783 


to the Tang. of half their Diff. 59%, 45 10.2 1680 
conſequently the Angle B will be 1319, 52”, and 


the Angle AC B 14%, 23“. Hence the true Courſe 
is S 30» 37“ E, or SS E 29, o/“ Eaſterly. 


Then 5 the true Diſtance CB, it will be, by 
Caſe 2. of Oblique T; . 


As the Sine of B - 131» 5277 9.87198 
is to M M 3 2.07918 
ſo is the Sine of A - — 3 50 45' = = 9.74474 
to the true Diſtance CB - 89. 53 = = . 1.95194 
Example 3. 


Suppoſe a Ship coming out from Sea in the Night, 
has ſight of Scilly Light, bearing NEN Diſtance 
WP Leagues, it being then Flood Tide ſetting ENE 
2 Miles an Hour, and the Ship running after the 
rate of 5 Miles an Hour, Required upon what 
Courſe 
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Courſe and how far ſhe muſt fail to hit the Lizard, 
1 8 bears from Scilly 0-1 S Diſtance 17 Leagues. 


= S 


Having drawn the Compaſs NESW, let A re- 


preſent the Ship's Place at Sea, and draw the NE4N 


Line AS, which make 2 85 to 12 Miles, 0 S will 


repreſent Scilly. 


From 8 draw SL equal to 51 Miles, and "LEP 


to. the ES 8 Line; then L will repreſent the Lizard. 


Fre rom L. draw I. C parallel to che E NE Line, equal 


to 2 Miles, and from C draw CD equal to 5 Miles 
meeting AL in D; then from A draw A B parallel 
to CD meeting LC produced in B, and A B will be 
the required Diſtance, and 84 B the true Courſe. 


To find which 
By Calculation. 


In the Triangle A SL are given the Side AS equal 
to 12 Miles, the Side S L equal to 51, and the Angle 


As equal to 1189, 0%, the Diſtance between the 


NEN and W N Lines, to find the Angles SAL 
and SLA. Conſequently, by OW 4. of Oblique 


1 T; Tigonometry, it will be 


As 
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As the Sum of the Sides AS and SL 63 1.7993. | 
9934 

is to their Differenee - 39 1.59106 
ſo is the Tang. of half the Sum L 68. 865 6 

of the Angles SAL and SLA $7 1.90 F*11793 

to the Tang. of half their Diff. 209, 21! 9.56933 


3 the Angle SAL, will be 519, 17, and 
ſo the direct Bearing of the Linard irom the Ship, 
will be N 85, 02” E, or EVN 60, 17 E, and for 
the Diſtance A L, it will be, by Caſe 2. of Oblique 
 Trigonometry, 


As the Sine of SAL „ St*, 19" -:.9,69222 
is to SI! 3 531 1707 
ſo is the Sine of ASI - 218% 07” * 9.94540 
to AL: --c--- 57.65 - 1.76080 


the Diſtance between the Ship and the Lizard 


Again, in the Triangle DLC, are given the Angle 
L equal to 172, 32 g the Diftatice between the EN E, 
and N 852, o2“ E Lines, the Side LC equal to 2 
Miles, the Current's Dritt in an Hour, and the Side 
CD equal to 5 Miles the Ship's Run in the.ſame Time. 
Hence for the' Angle D, it will be, by Caſe I, of O9- 

lique Trignometry, _ 


As the Ship's Run 1n 1 1 D . 5 55 0.69895 : 


is to the Sine of ITI . „32“ 9.47894 
lo is the Current Drift LC - 2 0 30103 
to the Sine f o 69, 550 9.08100 


conſequently ſince by Conſtruction the Angle L AB 
is equal to the Angle LD C, the Courſe the Ship 
mult ſteer is $ 889, 03“ E. 


Then for the Diſtance AB it will be, by Caſe 2. of 
Oblique Trigonometry, 


As the Sine of B - - 1549, 3% .- - 9 600 
ie e, 1.96080 
ſo is the Sine of III 17.32 - 9.47894 
to AB Lo rrp 3 Py RIES ade Ws 41.90” - _ . 62289 


conſequently 
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= conſequently ſince the Ship is ſailing at the rate of 


4 | 5 Miles an | Hour, it follows that in failing 8b, 24" 
4 8 889, og! E, ſhe will arrive at the Lizard. 


Example 4. 


A Ship from a certain Headland in the Latitude 
of 34,*, O0 North, fails S ES 12 Miles in three 
Hours, in a Current that ſets between North and 
Faſt, and then. the ſame Headland is found to bear 
WNW, and the Ship to be in the Latitude of 33“, 
52 „North. Required the Setting and Drift of the 
Current. 


G cometricall, 


Having drawn the Compaſs NESW, let A repre- 
lent the Place of the Ship, and draw the SE 4S Line 
A equal to 12 Miles, allo the 

ESE Line AC.. | 
Set of from A. upon the Me- 
ridian AP, equal to 8 Miles, 
the Difference of Latitude, and 
thro' D draw DC parallel to 
the Eaſt and Weſt Line WE, 
meting A C in C. Join C and 
B with the right Line BC; 
then C will be the Ship's Place, the Angle ABC the 

Seting of the Current from the S ES Line, and the 

Line B C will be the Drift of the Current | in 3 Hours. 
| To find which 


By c alculation. 


In the Triangle AD C, right angled at D, are 
given the Difference of Latitude AD equal to 8 Miles, 
the Angle DA C equal to 67, 30“. Whence for AC 
the Diſtance the Ship has failed, it will be 4 

9 


Current 8 ailing. | 9 O5 
As Radius — 10. 00000 
is to the Diff. of Larirude AD - 8 - 0.90309 


ſo1 5 =p area © | 659, 4 10.4718 
to the Diſtance run AC - - 20.9 - 1.32025 


Again, in the Triangle A B C, are given A B equal 
to 12 Miles, AC equal to 20.9, and the AngleBAC 
equal to 33®, 45', the Diſtance between the S E. 38 


and E S E Lines. Whence for the Augie at B it will 
. W 


As the "Ra of the Sides AC and A B 32.9 1.51720 
is to their Difference - - - - - 8.9 - 0.94939 
ſo is the Tang. of half the 1 
Sum the Anglia BandC?- 73% % | = 1051806 


to Tang. of 3 their Diff. 419, 437 + - 9.95025 


conſequently the Angle Bis 114, 51 „and fo the 
letting of the Current will be N 8 19, 06 E or EN 


20, 21“ E. Then for BC the Current s Drift in 
3 Hours it will be, 


--As the Sine of B-- 114%; „% — 9.99780 
is to the Diſtance run 15 C20. 9 1.32026 
ſo is the Sine of A 33, 4 9.7474 
o ns 12.8 n 3.10729. 


the Current's Drift in 3 Hours, and conſequently the 
Current ſets EN 29, 21 E 4.266 Miles an Hour. 
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8 E T. XIII. 


Concerning the Variation of the Compaſs, and bo 70 to 
find it from the true and obſerved e or 
Azimuths of the Sun. 


1. 1 HE Variation of the Compaſs is how far the 
North or South Point of the Needle ſtands 


from the true South or North Point of the Horizon 


towards the Eaſt or Weſt; or *ris an Arch of the 


Horizon, intercepted between the Meridian of the 
Place of Obſervation and the magnetic Meridian. 


2. Ir 18 abfolutely neceſfary to know the Variation 
of. the Compaſs at Sea, in order to correct the Ship's 


| Courſe ; for ſince the Ship's Courſe is directed by the 


Compaſs, 'tis evident that if the Compaſs be wrong 


the true Courſe will differ from the obſerved, and = 
conſequently the whole Reckoning differ from the 
Truth. 


„The Son 8. true Amplitude is an Arch of the Ho- 


RS comprehended between the true Eaſt or Weſt 


Point thereof, and the Center of the Sun at Riſing or 
Setting; or It.1s the Number of. Degrees, c. that 
the Center of the Sun is diſtant from the true Eaſt 


or Weſt Point of the Horizon, towards the South or 


North. _. 
4. The Sun's age Amplitude | is the Number of 
Degrees that the Center of the Sun is from the Eaſt 


or Weſt Point of the Compaſs, towards the South or 


North Point of the ſame at Riſing or Setting. 
5. Having the Declination of the Sun, together with 
the Latitude of the Place of Obſervation, we may 


from thence find the Sun's true Amplitude, by the 


following aftronomic Propoſition, viz. 
As the Co-ſine of the Latitude 


is to the Radius 


f 


"Cr 


12 


is to Radius - - - 
ſo is the Sine of the Decl. 2 50, 50 - 
to the Sine of the Amplit. 2129, 35 + 9.56636 
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ſo is the Sine of the Sun's Declination 


to the Sine 7 the Sun's true Amplitude 


which will be North or South according as the De< 


; clination 1 Is North or South: 


Example. 


Required the Sun” s true Amplitude! in the Latitude 


of 419, 50 North, on the 4th Day of May 1759. 


Firſt, I find from the third Table at the End of this 


Book, that the Sun's Declination the 4th of May 
1759, is 15?, 36 North, then for the true Ampli- 


tude it will be, by the former Analogy, 


As the Co-fine of the Rn 1% 500 9.87221 
— 10. 00000 
9. +3557 


which is North, becauſe the Declination is North at 
that Time; and conſequently in the Latitude of 
419, 50. North, the Sun riſes on the 4th of May 
1759, 21®, 37', from the Eaſt Part of the Hori- 


20n towards the North, and ſets ſo much from the 
Welt the ſame Way.“ | 


6. The Sun's true Azimuth is the Arch of the Ho- 


rizon intercepted between the Meridian and the ver- 


rical Circle paſſing thro' the Centre of the Sun at the 
Time of Obſervation. 


7. The Sun's magnetic Azimuth is the Arch of the 


Horizon intercepted between the magnetic Meridian 


and the Vertical, paſſing thro' the Sun. 

8. Having the Latitude of the Place of Obſerva- 
tion, together with the Sun's Declination and Alti- 
tude at "the Time of Obſervation, we may find his 
true Azimuth after the following Method, viz. 


X 2 Make © 
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Make it, 


As the Tangent of half the Complement of the Latitude 
is to the Tangent of half the Sum of the Diſtance of the 

Sun from the Pole and Complement of the Altitude 
fo is the Tangent of half the Difference between the Di- 


| ſtance of the Sun N the Pole OE ag of the 

Altitude - = 
= to the Tangent of a fourth Arch 
| which fourth Arch added to half the Complement 
16 1 of the Latitude will give a fifth Arch, and this fifth 
| Arch leſſened by the Complement of the Latitude 
| will give a ſixth Arch; then make it 
{| As the wn; . 
[4 is the Tangent of the Altitude 
"4 ſo is the Tangent of the ſixth Arch 
. to the Co-fine of the Sun's Azimuth 
* which is to be counted from the South or North, to 
* the Eaſt or Weſt according as the Sun is ſituated 
434 with reſpect to the Place of Obſervation. | 
bi If the Latitude of the Place and Declination of the 
4 Sun be both North or both South, then the Declina- 
1 tion taken from 90? will give the Sun's Diſtance from 
F the Pole; but it the Latitude and Declination be on 
1 contrary Sides of the Equator, then the Declination 
* added to go? will give the Sun's Diſtance from the 
4 neareſt Pole to the Place of Obſervation. 
4 Example. 
"4 In th Latitude of 1 North, the Sun having 
1 199, 39“ North Declination, his Altitude was found 
i} by Obterration to be 389, 18“. Required the Azi- 
"i muth. A = 
i By 
1 


K no 


ERA 
1 
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By the firſt of the foregoing Analogies, it will be 


As the Tangent of + the Com-) 
plement of the Latitude 5 199 14 9.54269 
is to the Tangent of ; the Sum) 
of the Diſtance of the Sun 
from the Pole and Comple- 
ment of the Altitude 
ſo is the Tangent of half their 
Difference - - I C 
to the Tang. of a 4h Arch 40 „ 20 9.92885 


61 „ 01 10.256535 


which fourth Arch 409, 200%, added to 199, 1405 half 
"me "Complement of the Latitude, give a fifth Arch 
609, 34“, and this fifth Arch leſſened by 38, 28, 
the Complement of the Latitude, givcs the ſixth 
Arch 219, 06“; then for the Azimuth it will be 
by the ſecond of the preceding Analogies, 


Msn „ Ls — =  10.00000 
is to the Tang. of the Altitude 289, 18 9.89749 
ſo is the Tang. of the ſixth Arch 21,406 - 9. 55044 
to the Co- ſine of the Azimuth 72,415 - 9.48 393 


witch. becauſe the Ladd is North and the Sun 

South of the Place of Obſervation, muſt be counted 
from the South towards the Eaſt or Weſt; and 
conſequently if the Altitude of the Sun was taken 
in the Morning, the Azimuth will be S 729, 15 
E, or ESE 4, 45 E; but if the Altitude was 
taken in the Afternoon, the Azimuth will be S 
72%, 15 W, or WS W 4?, 45" Weſterly. 


9. Having found the Sun's true Amplitude or 
Azimuth by the preceding Analogies, and - his 
magnetic Amplitude or Azimuth by Obſervation, 
*tis evident if they agree there is no Variation; but 
if they diſagree, then if the true and obſerved Am- 
plitudes at che Riſing or Setting of the Sun, be both 
X 3, | 8 
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of the fame Name, 7. e. either both North, or both 
South, their Difference i is the Variation: But if they 
be of different Names, i. e. one North and the other 
South, their Sum is the Variation. Again, if the 
true and obſerved Azimuths be both of the ſame 
Name, z. e. either both Eaſt or both Weſt, their Dif- 
ference is the Variation; but if they be of different 
Names, their Sum is the Variation: And to know 
Whether the Fariation is Eaſterhy or Wejterly, obſerve 


this general Rule, 072. 


Let the Obſerver's Face be turned to the Sun, then 
if the true Amplitude or Azimuth be to the right 
Hand of the obſerved, the Variation is Faſterly ; ; but 
if to the left, Weſterly. 3 
Io explain which, let NES W repreſent a Com- 
paſs, and ſuppoſe the Sun is really E S at the Time 
df Obſervation, but the Obſerver ſees him off the 


Faſt Point of the C ompals, and fo the true 1 

or Azimuth of the Sun, is to the right of the Magnetic, 

or obſerved ; here *cis evident, that the E 4 S FO 2 
1 | . 
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of the Compaſs ought to lie where the Eaſt Point is, 
and fo the North where the N# Weis; conſequently . 
the North Point of the Compaſs is a Point too far 
Eaſt, i. e. the Variation in this Caſe is Eaſterly. 
The ſame will hold when the Amplitude or Azimuth 
is taken on the Welt Side of the Meridian. 
Again, let the true Amplitude or Azimuth be to 
the left Hand of the obſerved ; thus ſuppoſe the Sun 
is really EN at the Time of Obſervation, but the 
Obſerver ſees him off the Eaſt Point of the Compals, 
and ſo the true Amplitude or Azimuth to the Left 
of the obſerved : Here it is evident, that the EN 


Point of the Compaſs ought to ſtand where the Eaſt 


Point is, and ſo the North where the N E Point is; 


conſequently the North Point of the Compaſs lies 


a Point too far Weſterly, ſo in this Caſe the Varia- 
tion is Weſt. The ſame will hold when the Sun 1 
_ obſerved on the Weſt Side of the Meridian. | 


| Suppoſe the Sun's true Amplitude at Riſing is 
found to be E 14, 20' N, but by the Compals it is 


found to be E 269, 12“. Required the Variation, 


and which Way it is. 


Since they are both the ſame Way, therefore 
From the magnetic Amplitude — E 269, 12“ N. 


take the true Amplitude - - - E 14, 20 N. 


—— H— 


and there remains the Variation - 


which is Eaſterly, becauſe in this Caſe the true Am- 


plitude is to the Right of the obſerved, 


| Example 


11 „ 52 E. 
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Example 2. 


j 


Suppoſe the Sun's true Amplitude at Setting is W 
34, 26'S, and his magnetic Amplitude W 239, 1 ; io 


_ Required the Variation and which Way it is. 


Since they lie both the ſame Way, therefore 


From the Sun's true Amplitude - W 349, 26 S. 


take * magnetic Amplitude - W 23 „13 S. 


chere remains the Variation 11, 13 W. 


which is Weltery. been the true Amplitude,. in 


this r is to the left Hand of the obſerved. 


Exanple * 
Sofpoſe the Sun's true Altitude at Riſing | is found 
to be E 135, 24 N, and his Magnetic E 129, 32“ S. 
e the Variation, and which Way it lies. 


1 the true and obſerved Amplitude lie diffe- 


rent Ways, therefore 


To the true Amplitude E. 139, 24 N. 


add the magnetic Amplitude <6 12 9 32 0. 


the Sum! is the Variation 438 W, 


which is Weſterly, becauſe the true Amplitude is, 


in this * to the Left of the obſerved. 


Example * 


Suppoſe the Sun's true as at Setting is found 
to be W 8*, 24 N, but his magnetic Amplitude is 
W 10? , 7 8. Rechired che Variation. 


:. To 


3 


Variation of the Compaſs. = 313 
To the true Amplitude - - W 8“, 24 N. 
add the Magnetic - - W110, 13 S. 


che Sum Is the Variation - - e 18 5 37 E. 


which is Eaherly, becauſe the true Amplitude i 1s to 
the Right of the obſerved. 


SP . 


Suppoſe the Sun's true Azimuth at the Time of 


Obſervation, is found to 15 N 86, 40' E, but by 
the Compaſs it is N 73, 24 E. Required the Va- 
riation, and which Way it — 


From the Sun' s true An ns N 86*, 40/ E. 
take the TO, V 


there remains the Variation,, 7, 10. 


which is Eaſterly, becauſe the true Azimuth is to 


the 1 of the obſer ved. 


Example 6. 


Suppoſe the Sun's true Azimuth is 8 3 E. 


and the Magnetical S 4%, 36“ W. Required the 


Variation, and which Way it lies. 


To the true Azimuth 5 33 0 . 
add the magnetical Azimuth - 8 4, 36 W. 


— — P̃— 


the Sum 18 the Variation % ͤ;¶ ⸗ Go o W. 


which is Weſterly, becauſe the true Azimuth | is in 
this Caſe, to the Left of the obſerved. 


10. The Variation of the Compaſs 1 Was firſt 5 
obſerved at London, in the Year I 580, to be 115 : 


ſh 150 
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15“ Eaſterly, and in the Year 1622 it was 6, of E, 
allo in the Year 1634, it was 4?, og” E, (till . 
creaſing, and the Needle approaching the true Meri- 
dian, till it coincided with it, and then there was no 
Variation; after which, the Variation began to be 
Weſterly, and in the Year 1672, it was obſerved to 


be 20, 30“ W, alſo in the Year 1683, it.was 4®, 300 


W, and ſince that Time the Variation ſtill continues 
at London to increaſe Weſterly; but how far it will 
go that Way, Time and Obſervations will probably 

be the only means to diſcover. 

Again, at Paris, in the Year 1640, the Variation 


was 30, oo'E, and in the Year 1666, there was no 


Variation; but in the Year 1681, it was 2?, go' W, 


and ſtill continues to go Weſterly. 


In ſhort, from Obſervations made in different Parts 
of the World, it appears, that in different Places the 


Variation differs both as to it's Quantity and Deno- 


mination, it being Eaſt in one Place, and Wet in 


another; the true Cauſe and Theory of which, for 


want of a ſufficient Number of Obſervations, has not 
as yet been tully explained. 


SECT: XIV. 


1 he Method 77 Keeping a Journal at Sea, and "WY! to 


Correct it, by making proper Allowances for the Lee- 
way, Variation, Se. 


E EA is the Angle that the OY 


Line upon which the Ship endeavours to 


fail, makes with the Rumb ſhe really ſails upon. 
This is occaſioned by the Force of the Wind, or 
Surge of . the Sea, when ſhe lies to the windward, 


or is cloſe hauled, which cauſes her to fall off anal 
E cou 
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glide ſide-ways from the Point of the Compaſs ſhe 
| capes at. Thus let NES W TR the Compaſs 
and ſuppoſe a Ship at 
C capes at, or endea- 
vours to ſail upon, the 
Rumb Ca; but by 
the Force of the Wind, 
and Surge of the Sea, 
ſhe's obliged to fall 
off, and make her Way 


good upon the Rumb WE. 
Ch; then the Angle $81 
a Cb is the Lee-way, 15 ETSY bite 
and if that Angle be 3 


equal to one Point, the Ship is ſaid to make one Point 


Lee- way, and if equal to two Points, the Ship i is ſaid 


to make two Points Lee-way, &c. 


2. The Quantity of this Angle is very uncertain, 
becauſe ſome Ships, with the ſame Quantity of Sail, 
and with the ſame Gale, will make more Lee-way 
than others; it depending much upon the Mould 


and Trim of the Ship, and the Quantity of Water 


that ſhe draws. The common Allowances that are 
generally made for the Lee-way, are as follow: 


1. If a Ship be cloſe hauled, has all her Sails ſet, 


the Water ſmooth, and a moderate Gale of Wind, 
ſhe is then ſuppoſed to make little or no Lee-way. 


2. If it blow ſo freſh as to cauſe the ſmall Sails to 


be handed, *tis uſual to allow one Point. 


If it blow ſo hard that the Top-ſails muſt be 
elole reeft, then the common Allowance 1 is two Points 


for e. 
If one Top- ail muſt be DIE? then the Ship 


18 838 to make between two and three Points 


5. When 


Lee- "Ways 
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5. When both Top: ſails muſt be handed, then the 


Allowance is about four Points for Lee-way. . 


6. If it blows ſo hard, as to occaſion the Fore- 


Courſe to be handed, the Allowance 1s between 5 bd 


and 6 Points. 


7. When both Main and Fore-Courſes muſt be 
handed, then 6 or 6 ; Points are re commonly allowed 
for Lee-way. 


$. When the Mizen | is handed, and the Ship i is wy- 


ing a Hull, ſhe is then commonly allowed about 7 


Points for Lee way. 


3. Though theſe Rules are ach: as are generally 


3 uſe of, yet fince the Lee- way depends much upon 
A B 4 the Mould and Trim 


mmm, of the Ship, tis evident 


Fl ; 5 that they can't exactly 
3 ſerve to every Ship; and 
oe „„ therefore the beſt Way 
\ N is to find it by Obſer- 


S 
NS Ship's Wake be ſet by 


3 


is the true Courſe made 
good by the Ship; then 


the Bittacle, is the Lee-way required. If the Ship be 


within Sight of Land; then the Lee-way may be ex- 


actiy found, by obſerving a Point on the Land which 


continues to bear the ſame Way, and the Piſtance be- 
tween the Point of the Compals it hes upon, and the 


Point the Ship capes at, will be the Lee-way. Thus, 


, W a —_ at C, is lying up! N & W towards A; 


but 


vation: Thus, let the 


. > | | | 
[SY a Compaſs in the Poop, 
| and the oppoſite Rumb 


the Difference between 
WE ad this and the Courle 
0 given by the Compaſs in 


a Journal at Sea. e 


but inſtead of keeping that Courſe, ſhe is carried on 
the NNE Line CB, and conſequently the Point B 


continues to bear the ſame Way from the Ship: Here 


'tis evident, that the Angle A C B, or the Diſtance 
between the NY W Line that the Ship capes at, and 


the NN E Line that the Ship really ſails "Upon, will 
be the Let way. 


4. Having the Courſe eel; and the Lee-way 
given, we may from thence find the true Courſe by 
the following Method, viz. Let your Face be turned 
directly to the Windward, and if the Ship have her 


Larboard Tacks on Board, count the Lee-way from 
the Courſe ſteered toward the Right-hand ; but if 
the Starboard Tacks be on Board, then count it from 


the Courſe, ſteered towards the Left-hand. Thus 
ſuppoſe the Wind at North, and the Ship lies up 


within 6 Points of the Wind, with her Larboard 


_ Tacks on Board, making one Point Lee-way z here 
"tis plain, that the Courſe ſteered, is EN E, and the 


true Courſe E N; allo ſuppoſe the Wind is ar 
NN W, and the Ship lies up within 6 Points of 


12 Wind with her Starboard Tacks on board, making 


Point Lee-wƷay; tis evident that the true Courſe, 
in Sig Caſe, 18 WS W. 88 1 


8. We have 88 in the laſt Section, how to 


find the Variation of the Compaſs; and from what 
has been ſaid there, we have this general Rule for 
finding the Ship's true Courſe, having the Courſe 
ſteered and the Variation given, viz. Let your Face 
be turned towards the Point of the Compaſs upon 


which the Ship is ſteered; and if the Variation be 
Eaſterly, count the Quantity of it from the Courſe 


ſteered, towards the Right-hand; but if Weſterly, 
towards the Left-hand; and the Courſe thus found, 
is the true Courſe ſteered. Thus, ſuppoſe the Courſe 
ſteered is N & E, and the Variation one Point Eaſterly; 


then 
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then the tue Courſe ſteered, will be NNE: Alf 
ſuppoſe the Courſe ſteered is NE E, and the Va- 
riation one Point Weſterly; then in this Caſe, the 
true Courſe will be N E, and ſo of others. 


Henee, by knowing the Lee-way, Variation, and 


| Courſe ſteered, we may from thence find the Ship's 


true Courſe ; but if there be a Current under Foot, 
then that muſt be tried and proper Allowances made 


for it, as has been ſhewn at Seck. XII. from thence to 
find the true Courſe. 


6. A making all the proper Allowances for 


finding the Ship's true Courſe, and making as juſt 


an Eſtimate of the Diſtance as we can; yet by reaſon. 
of the many Accidents that attend a Ship! in a Day's 


running, ſuch as different Rates of ſailing between the 
Times of heaving the Log, the Want of due Care at 
the Helm, by not keeping her ſteady, but ſuffering 
her to yaw and fall off, ſudden Storms when no Ac- 


count can be kept, Sc. the Latitude, by Account, 
trequently differs from the Latitude by Obſervation, 


and when that happens, *tis evident there muſt be ſome 
Error in the Reckoning; to diſcover which and where 
it lies, and alſo how to correct the Reckoning, you 


may obſerve the following Rules. 


I. if the Ship ſails near the Meridian, or within 2 


or 2; Points thereof; then if the Latitude by Ac- 
count, diſagrees with the Latitude by Obſervation, tis 


moſt likely that the Error lies in the Diſtance run; for 


I 1s plain that in this Caſe it will require a very ſenſible 
Error in the Courſe, to make any conſiderable Error in 
the Difference of Latitude, which can't well happen 
if due Care be taken at the Helm, and proper Allow- 
ances be made for the Lee way, Variation, and Cur- 


rents, Conſequently if the Courſe be pretty near 
the Truth, and the Error in the Diſtance run 


regularly 
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larly thro? the whole, we may from the Latitude, 
nnd by Obſervation, correct the Diſtance and 
Departure by Account. by the following — 
Liz. 


As the Difference of Latitude by Account 
is to the true Difference of Latitude, : 
ſo is the Departure by Account 

to the true Departure, 

and ſo is the dire? Diſtance by Account 

to the true airet} e 


The Reaſon of this is plain, "mT let A B denote the 


Meridian of the Ship at A, and ſuppoſe the Ship {als 


upon the Rumb A E near the Meridian, X 
"Till by Account ſhe is found in C, and g 
conſequently her Difference of Latitude 

by Account is AB; but by Obſerva- 
tion ſhe's found in thi Parallel] E D, 
and ſo her true Difference of Latitude 
is APD, her true Diſtance A E, and her 
true Departure D E; then ſince the 

Triangles ABC, ADE are ſimilar, 5 
it will be AB: AD :: BC: D E and D 
AB: A D : ACTA E. 


Example. 


Suppoſe a Ship from the Latitude of 459, 205 


North, after having ſailed upon ſeveral Courſes near 


the Meridian for 24 Hours, her Difference of Lati- 
tude is computed - to be upon the whole 95 Miles 
Southerly, and her Departure 34 Miles Eaſteriy; but 
by. Obſervation ſhe is found to be in Latitude of 


43?, 10“ North, and conſequently her true Piffe- 


rence of Latitude is 130 Miles Southerly; then 


for the true Departure it will be, As the Diffe- 
rence. of Latitude by Account 95, is to the true 
| Difference 
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Difference of Latitude 130, ſo is the Departure by 
Account 34, to the true Departure 46.52, and ſo is 


the Diſtance by Account 100. 9. to the true Diſtance 
1 38. 


2, If rhe Courke are 95 the moſt part near the 


Parallel of Eaſt and Weſt, and the direct Courſe be 


within 5 4 or 6 Points of the Meridian; then if the 
Latitude by Account differs from the obſerved La- 


titude, it is moſt probable that the, Error lies in the 
Courſe, or Diſtance, or perhaps both; for in this Caſe 


"tis evident, the Departure by Account will be very 
nearly true; and thence, by the Help of this, and 
the true Difference of Latitude, may the true Courſe 
and direct Diſtance be readily found * Caſe 4. of 


Plain Sailing. 
Example. 


Suppoſe a Ship from the Latitude of 43® , 50 
North, after having ſailed upon ſeveral Courſes near 


the Parallel of Eaſt and Weſt, for the Space of 24 


Hours, is found by dead Reckoning to be in the La- 
titude of 42, 45 North, and to have made 160 
Miles of Weſting; but by a good Obſervation the 
Ship is found to be in the Latitude of 42*, 25 
North. Required the true Courle, and direct Di- 
ine failed. 

With the true Difference of tabs 76 Miles, and 
Departure 160 Miles, we ſhall find (by Caſe 4- of Gon 
Sailing) the true Courſe to be S 64, 53* . 
the direct Diſtance 176.7 Miles. 


3. If the Courſes are for the moſt part near the 


middle of the Quadrant, and the dire& Courſe 
within 2 and 6 Points of the Meridian; then the 


Error may be either in the Courſe, or in the Di- 


ſtance, or in both, which will cauſe an Error 
both in the Differ, nce of Latitude and Depar- 


tore, 
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ture, to correct which, having found the true Diffe- 
rence of Latitude by Obſervation; with this, and 
the direct Diſtance by dead Reckoning, find a new 
Departure (by Caſe 3. of Plain Sailing) then half the 
Sum of this Departure, and that by dead Reckoning, 
will be nearly equal to the true Departure; and con- 
ſequently with this, and the true Difference of Lati- 


tude, we may (by Caſe 4. of Plain Sailing) find the 
true Courſe and Diſtance. T2 


Example. | 1 i 
Suppoſe a Ship from the Latitude of 449, 387 5 | 
North, fails between South and Eaſt upon ſeveral 19 


Courſes, near the middle of the Quadrant, for the 
Space of 24 Hours, and is then found, by dead 
Reckoning to be in the Latitude of 42, 13“ North, 
and to have made of Eaſting 136 Miles; but by Obſer- Gl 
vation ſhe's found to be in the Latitude of 422, 04 by 
North. Required her true Courſe and Diſtance. 


With the true Diſtance of Latitude 154 Miles, M 
and the direct Diſtance by dead Reckoning 197.4 1 


you'll find (by Caſe 3. of Plain Sailing) the new De- 
parture to be 123.4, and half the Sum of this, and 
the Departure by dead Reckoning, will be 124.7 the 


true Departure; then with this, and the true Diffe- 1 
rence of Latitude, you'll find (by Caſe 4. of Plain 1 
Sailing) the true Courſe to be S 399, oo E, and 0 
the direct Diſtance 198.2 Miles. | 1% 
7. In keeping a Ship's Reckoning at Sea, the 1 
common Method is to take from the Log -Board, = 
the ſeveral Courſes and Diſtances ſtemmed by the | \ wy 
Ship laſt 24 Hours, and to transfer theſe toge- in 
ther with the moſt remarkable Occurrences into . ** 


the I. ag-Booł, in which allo are inſerted the Courſes 
X corrected, 
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corrected, and the Difference of Latitude and Dif- 
ference of Longitude made good upon each; then 
the whole Day's Work being finiſh'd in the Log- 
Book, if the Latitude by Account agree with the 
Latitude by Obſervation, the Ship's Place will be 
truly determined; if not, then the Reckoning muſt 
be corrected according to the EY Rules, and 
placed 1 in the Journal. 


The Fi orm of the Log-Book and | Torn, together 
with an Example of 2 wid Work, . have here 
8 


Note, To 8 che Days of the Week, they 
commonly uſe the Characters by which the Sun 
and Planets are expreſſed, viz. © denotes Sunday, 
d Monday, & Tueſday, % Wedneſday, U 7. bur, 
3 Friday, and h fengees We. 
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NW Log-Book. - | 
K. ZK. | Coutes. | Winds, | Obſervations and Ac-| 
| cidents. » -—— 
Day of — — 
e +. = Fair Weather, at 
| 2 North |four this Afternoon 
131 II took my Departure 
4 from the Lizard, in 
5 7 |JSWZ3S|NZE the Latitude of 5, 
J oO“ North, it bearing 
e es — — NNE, Diſtance five 
a 4 1 CF - 
1 | #1 
10 6 5 7 
[11 6 [SSW [ES 
12 6 Bb, f The Gale increa-| 
E16 . __ [ſing and being un- 
| 2] 6] 1 {SW4W|]N NE der all our Sails. 
n After three this 
Fa 3 = Morning, frequent | 
r i Showers with thick 
FOI ns :-. Weather. till near 
n „ 
V 
9181. the Variation 1 
/ , / di 
11 8 x [SWW e Weſterly. 


The 


4 Journal at Ses. 332; 

TI - he Log-Book. 5 8 

Courſes Correct. Diſt. Diff. Lat. Diff Long. | 

3 e 
SSW 50 — 46.2 294 9 
S W 19 18.6 515 1 
FF | 29-7 „ 1 
SWS 24.5 420-2]. 20.0 1 
P 134-2. 2 2 1 
Hence the Ship, by Account, has come to the i4 
Latitude of 472, 46' North, and has differed her | *i 


| Longitude 2®, 5' Weſterly ; io this Day I have made 
my Way good S 312, * W. . 137.4 Miles. 


At Noon the Lizard bore from me N 319, 31“ E 
Diſtance 157.4 Miles, and having obſerved the La- 9 
titude, I found it agreed with the Latitude by Ace « 
; count. 0 
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em ____—_—__ ———__ = Ld 


. Courſes. Winds. | Obſervations and 
Accidents. d — 
13 A 1 Day of | 
SSW W This 24 Hours, 
I | Handed the Main ſtrong Gale of 
I and Fore Courſes Wind and vari- 
1 | Lee-way 6 Points. able. 
1445 „ 


7 
5 
5 


r 


el 


* 


oy 0 A 0 


1 | The Wind incre- | 

| fing, we tried a The Variation 1 

Hull, Lee-way 7 judge to be 1 

| Points. ____ Pount Weſt. 
| . Ea fs | 


SWOW NWaW| 
1 | Set Main- ſail, Lee-| 
Way 4 + Points. | 


1 — 


O own N 528 8 


— 


. — S ti 1 


| SSE SWZ4W | 
1 | Set Fore-fail, Lee- 
1 | way 3 Points.. „ 

f Lat. by Obſerva- 
FE tion, 47, 06“ N. 
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| ; 


The Log-Book. 


| Courſes Correct. | Did. Diff. Lat. Diff. Long. | 
N |S} EW 
8SEBE 31.5 17.8: 137-7. 
ES E 6 2.3 10.6 
8E „ 89.9 1.3 


8 = OH © 


ꝗ—P—U—U _ w—_ 


129.0 —.— 


1 


Hence the Ship, by Account, has come to the 
Latitude of 47”, 17 North, and has differed her 


Longitude 49 Faſterly ; conſequently ſhe has got 


44 16 to the Weſtward of the Lizard, and has 
made her Way good the laſt 24 Hours, S 4955 o8' E, 
Diſtance 44.3 Miles. 


At Noo the Lizard "OY from me North 17*, 7 
Eaſt, Diſtance 170.6 Miles. 


This Day I had an Obſervation, and found the 
Latitude by Account to difagree with the Latitude 
by Obſervation by 11 Minutes, I being ſo much 


further to the Southward than by dead Reckoning, 


which by the third of the 2 Rules I correct 
as in the Journal. 
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A Jounnar Jrom the Lizard towards Jamaica in the Ship Neptune, 


* M. Commander. 


Months 


Years 


Days 


Montp| 


Direct Courſe 


Diſt. 


[S 31, 31 W: 


137.4 


Miles. 


475 46029 F 


Lavizode TWhote Nr 


Correct 


2 made 


A 
The es 


Pas W 


from the Lizard. 


Remarkable Obſerva- 
tions and Accidents. | 


At Noon the 


Lizard bore} 
N 


Diſt. 157-4] 
Miles. 


— —— —— 


At Noon the 
Lizard bore 
S179, 55 W. 
Diſt. 183 Mil. 


Fair Weather at four 
#. 6 
Departure from the 
Lizard, 


Leagues. 


Strong Gales E | 


Wind and vari- 
able. 


1 took my} 


it bearing| 
NNE Diſtance 5 


S 


© 


_— — 
8 * . 
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S ECT. xYV. 
Of MENSUR ATION. 


Def. F H E rea of any coin Surface in 3 
Feet, or any other Meaſure, is the Num- 
ber of ſquar - Inches, Feet, Sc. that the Surface con- 


tains. 
„Lei A B CP repreſent A rectangular Parallelo- 


3 and b the Side AB, or D C contains 


D- | Fob O and the Side AD 
OG} Il or BC three of the 
= . E ſame Parts; then 
1 Th 8 BY ar Jet the Line AB 


eight equal Parts, 


the Direction of AD "till it has come to EF, where 
AE or FB, the Diſtance of it from it's firſt Situation, 
may be equal to one of the equal Parts: Here tis evi- 


dent, that the generated Parallelogram A B FE will 


contain as many Squares as the Side A B contains equal 
Parts (in this Cafe, eight), each Square having for it's 


Side one of the equal Parts into which A B or rAD is *X 


divided. Again, let AB move on 'till it comes to 
GH, ſo as GE or HF may be equal to AE or BF, 
then *tis plain that the Parallelogram A G H B will 


contain twice as many Squares as the Side AB contains 


equal Parts, each Square having one of the equal Parts, 
into which A B or AD is divided, for it's Side; and 
by the ſame Way of reaſoning it will appear, that the 


Parallelogram AD CB will contain three Times as 
many Squares as the Side A B contains equal Parts; 


and, in general, that every rectangular Parallelogram 


CORLAINS 


be moved along in 
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contains as many Squares as the Product of the Num- 
ber of equal Parts in the Baſe multiplied into the 
Number of the ſame equal Parts in the Height con- 
tains Units, each Square having for it's Side one of 
the equal Parts. E 
Hence ariſes the Solution of the following Pro- 
blems. 


| Problem I. 


To find the Area of a rectangular Prrtlefogram. 
Rule. Multiply the Baſe into the perpendicular 
a Height, and the Product is the Area required. 


Example 


Suppoſe the Baſe A B (ſee the a Figure) 
of the rectangular Parallelogram A B C P, is fix 
Inches in Length ; and the Perpendicular A D three 
Inches, required the Area of that Faraliclogram in 
Inches. 
6 the Baſe AB 1 

3 the Perpendicular AD 
product 18 the Area of the Parallelogram A B C D 
in Inches. 


Problem 2. 
75 find the Area of an Oblique- Angular Paralle- 


logram. 

Rule. Multi y the Baſe into the perpendicular 
Height, and fe Product is the Area. The Reaſon 
MM cis Rule is evident from Art. 69. Sell. 3 


a aol 12 | Example. 


gquired the Area. 
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Example. 
Suppoſe the Baſe B | 
AD, of the Oblique- — — 
Angular Parallelo- /| 72 
7705 F EY 
nches, and the Per- : 


pendicular BE 12 e 
Inches. Required the Area in Inches. 
Multiplying 30 the Baſe into 12 the perpendicular 
Height, the Product 360, is the Area or Number 
of ſquare Inches contained in the propoſed Figure. 


Problem 2. 
To find the Area of a Triangle. 


Rule. Multiply the Baſe into half the 8 
lar Height, and the Product is the Area required. 


The Reaſon of this Rule is plain from Cor. 3- Art. 68. 
5 2085 4. ; De 


Frample. 
In the Triangle A B D, ſuppoſe the Baſe 4 A D is 


56 Feet, and the Por... B 
pendicular B C 14, Re- T% 


The Baſe 56, multi- , 9 
plied into 7, half the A "Fr OD 


'S6 
Perpendicular, gives 392 the Area or quare Feet 
contained 1 in 0 given Triangie. 


Problem 4. 


0 find the Area of any irregular Fi igure. 
Keule. 


332 Of MENSURATION. 
Rule. Reduce the Figure to Triangles by drawing 


Diagonals therein; then find the Area of each Tri. 


angle, and the Sum of theſe is the Area of the oo. 
poſed Fi * 


Example. 


Required the Area of the irregular Figure 
A BDFHGEC. 


; Draw the Diagonals E I, E. F, ED, DC and D 7, INS 
which will divide the Figure into fix Triangles, in 
each of which let fall from any one of it's Angles a 
Perpendicular to the oppoſite Side; then ſuppoſing 
the Lengths of theſe ta be as they are expreſſed in the 
Fi Sure, the Operation 1 will ſtand as follows : EE 


(A. 
: The Area of } C 
the Triangle\ E 
(E. 


n H 
EN 


343 5 chat Area of the whole 
Figure. wo 
Problem 
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Problem 5. 
To find the Area of any regular Polygon. 


Rule. Through any three of the angular Points, 
draw a Circle (by Prob. 8. Sect. I.) which will pals 
through the reſt 75 then from the Center of this 
Circle let fall upon any of the Sides a Perpendicular, 
and half this Perpendicular multiplied into the Sum 
of the Sides, will give the Area . 


Example. i 


Required the Area of 
the Hexagon AB HD 
EF, the Center of whoſe 
circumſcribed Circle is 
C, and the Perpendicular 
C from the Center up- C. 
on one of the Sides is 
20.8, each Side of the 
Polygon wen, 
The Sum of the Sides 
is 144, which multiplied by 1 10.4 half the P . 


cular, gives 1497.6, che Area of the propoled Hex- 
agon. 


2. It has been found by Calculation that if the 
Diameter of a Circle be 1, the Circumference of the 
ſame will be 2.1416 nearly; and conſequently the 
| Diameter of any Circle will be to it's Circumference 

as I to 3.1416, & e contra. 


Cor. 1. Hence, ini gg the Diameter of any 
Circle by 3.1416, the, Product will be the Circum- 
ference. Thus, let the Diameter of a Circle be 36; 
then 36 multiplied by 3.1416 will give 113. 0976 

the Circumference of the propoſed Circle. 8 
% * 
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Cor. 2. Hence, dividing the Circumference of a 


Circle by 3.1416, the Quotient will be the Diameter, 
So if the „ ee of a Circle be 75.3984; then 


this divided by 3.1416 will give 24 the Diameter of 
the ropoſed Circle. 


ow a Circle being a Polygon of an infinite Num- 
105 of Sides, the Sum of all which is the Circutnfte.. 


rence, and the Perpendicular on any of them, the Ra- 
dius: therefore 


Problem 6. 4 


Given the Diameter of a Circle, to find it's Area. | 


Rule. F irſt find the Circumfetence (by the firſt of 
the preceding Corollaries) then multiply that by half 
the Radius, and the Product 1 is the Area. 


Example. fy 
Required che Area of a Circle whoſe Diameter is 36. 
Firſt, 1 find the Circumference is 1 13. 0976, which 


_ multiplied by 9, half the Radius, gives 1017. 8784 
the Area required. 


Problem 7. 
The Circumference of aCircle gien, to findi it 's Arca, : 


Rule. Find the Diameter, by Cor. 2; then £09" 


tiply the Circumference by half the Radius, 24 the 
Product 1 is the Area, 5 


Example. 


Required the Area of a Circle, whoſe Circumle 
rence is 75.3984 
Fit, | 
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Firſt, I find the Diameter to be 24; then multi- 


plying the Circumference 75.3984 by half the Radius, 
VIZ, 0, the Product 452 3904 is the Area — 


Problem 8. 
To find the Area of an Ellipſe, 


Rule. Multiply the greateſt Diameter into the 


leaſt ; and the Product into .78 545 and this laſt Pro- 
duct 1 is the Area. 


Exanple. 
e in the rue A BCD the greateſt Dia: 


9 nennt om p oy | 2 &f 
* ; "Ms; 
— 1 | 
; *. f 
Fs * 
* | 2h, 
. * 
8 
» o 
36 1x Fe 
» $i ** 13 
C * 
0 
A: ; 
\ | 
, þ 
* 
* 
ö . 


meter A C is 36, and the leaſt F BD 20. 
Required the Area of that Ellipſe. 


Multiplying 36 into 20, the Product is 720, which 


multiplied into . 7854, gives 505. 488 the Area of the 


N Elk Fw 


4 
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3- A Solid is that which has Length, Breadth, and 


Thickneſs. 


4. A Cube is a Solid 
bounded by ſix equal 
Squares. Thus the So- 
id ABCGFEHD 
bounded by the fix e- 
qual Squares AB C P, 


Jp WU FT ADFE,-- 
. AB HE, BC GH 


> 
1 
%\ 


rr moos.” OO 


If the terminating Squares be ſquare Inches, then 


% 


the Solid is called a Cubic Inch; if ſquare Feet, a 
Cubic Foot, Se. ; Dos, 2 


5. The Solidity of any Body in Inches, Feet, c. 


is the Number of Cubic Inches, Feet, Sc. the Body 
contains. 1 5 


6. A Parallelipiped is a Solid terminated by fx 


Quadrilateral Figures, of which each two oppoſite 


= 


BE Shana c do rnpnies 


os 
Ru 
„ 


E 


to one. another are equal and parallel, as ABCG, 
FORE. 5 0 


1 


he Solidity of this Body is found by multiplying 


the Length, Breadth, and Thickneſs, into one an- 
other; and the Product is that require. 


Example. Suppoſe in the Parallelipiped A B C 
DF G HE, the Length EF is 36 Feet, the 
Breadth DF 16, and the Thickneſs FG 12; es 
3 theſe 


Of MENSURATION. 337 
theſe three multiplied into one another will give 6912 
to the Solidity, or Number of Cubic Feet the propo- 
ſed Body contains. 

The Area of the Surface, or ſuperficial Content of 


that Body, is found by taking the Sum of the Areas 


of the Quadrilateral Figures that terminate it. 


If in a rectangular Parallelogram A C G F, one 
of the Sides G C remain Hxed, and the N 


move quite round to it's 7. A 
firſt Place; then the ge- - 


3 nerated Solid AD HF is fe W as mi 


called a Cylinder. TEE CE 
The. Solidity of this A. 
Body is rnd: by multi- * 5 


plying the Area of one of it's circular Baſes into the 


Length. Thus let the Radius A C of one of the Baſes 


of the Cylinder be 6 Inches, and the Length AF 36; 


then the Area of the Baſe ABDE will be 113.0976 


(by Problem 6.) which multiplied into the Length 36, 
gives 4071. 3136 for the Solidity. 


The ſuperficial Content is found by multiplying the 


Circumference of one of the Baſes into the Length, 
and to the Product adding the Areas of the two Baſes. 


8, Solids that decreaſe from the Baſe gradually 'till 


RY 


oo... 
% * * 
N I W \ WI. J * 
* is. 0 =. nd 


— 
* 


Y 


DO 


N 
JR 


\ 
Q 


A 


KY 


they come to a Po nt, are in general called Pyramide, 


2 and 
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and are of different Kinds, according, to the Figure 
of their Baſes, Thus a Pyramid, having a trian- 
gular Baſe, is called a Triangular Pyramid, as ABCH, 
and if the Baſe be a Parallelogram, it is called a Pa- 
rallelogramic Pyramid as DEF GK, and if a Circle, 
it is called a Circular Pyramid, or fimply a Cone, as 
L MN, Sc. The Point in which the Pyramid ends, 
is called the Vertex, and a Line drawn from the Ver- 
tex perpendicular to the Baſe, is called the mn of 
the Pyramid. 

The Solidity of a Pyramid is found by multiplying 
the Area of the Baſe into + the Height. Thus ſup- 
poſe the Diameter of the Baſe of a Cone is 24 Inches, 

and the Height 31; then the Area of the Baſe will 
be 452.3904, „which multiplied by 17, the third Part 
of the Height, gives 7690. 6368. The ſuperficial 
Content of a Cone is tound by multiplying the Cir- 
cumference of the Baſe into half the Line joining the 


Vertex, and any Point in that Circumterence, and to 
that Product adding the Area of the Baſe. 


1 If a Semicircle be turned quite round upon it's 
Diameter as an Axis, it will generate a Solid called a 

' Globe or Sphere. 

The Area of the Surface of a Globe, is found by 

- multiplying the Diameter into the Circumference of 

a great Circle upon it. Thus ſuppoſe the Diameter 

of a Globe is 16 Inches; then the Circumference of a 

great Circle upon that Globe will be 50.2656, which 

multiplied by 16 the Diameter, gives 804. 2496 tor 
the ſuperficial Content in Inches. 

The Solidity of a Globe, is found by multiplying 
the ſuperficial Content by * the Diameter. Thus 
ſuppoſe the Diameter of a Globe is 18, then the 
Area of the Surface will be 1017.8784 which multi- 

plied by 3 gives 3053.03 $2 for the c Solidiry 


10. We 
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We have ſhewn how to find the Solidity of a 
c having the Diameter of the Baſe, and the 
Height given, and thence we have a Method of find- 
ing the Solidity of a Huſtum of a Cone, having the 
Diameter of the two Baſes and the Height of the Fru- 
tum given. Let F BD G denote a Fruſtum of the 
Cone A B D, B D the greateſt, and F G the leaſt Dia- 
meter of the Fruſtum. Join the Vertex of the Cone 


A, and the Center of the Baſe C with the right Line 
AC, which will paſs thro? 


H the Center of the leaſt 
Baſe of the Fruſtum, and 
thro' G draw G E paral- 
lel to AC, which will be 
equal to H C, the Height 
of the Fruſtum; then *tis 
evident that ED will be 
the Difference between 
the greateſt and leaſt Se- 
mi- diameters of the Fru- 
ſtum, and ſince the Tri- 
angles ACD and GED are 
ſimiliar, therefore (by . 
73. Sec. I.) DE : DC. 5 
EG: U 1 the N between the greateſt 
and leaſt 8 diameters of the Fruſtum, is to the 
greateſt Semi- diameter, ſo is the Height of the Fru- 
tum, to the Height of the whole Cone. Conſequent- 
ly having the Diameter of the Baſe, and Height of 
the whole Cone, we can find it's Solidity ; and from 
AC, the Height of the whole Cone, taking C H the 
Height of the Fruſtum, we have A H the Height 
of the Cone cut off, with which, and the Baſe F G, 
which is given, we may find the Solidity of the Cone 
cut of, AFG. Conlequently from the Solidity of 
the whole Cone A BD, taking the Solidity of the ſmall 
Cone AFG, there will remain the Solidity of the 
Fruſtum F B D G. 


2 2 | Example, 
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ſtum of a Cone is 20 and the leaſt 12, and the Height 
12; then the Difference between the two Semidza- 
meters will be 4, and making it as 4: 10::12: 30; 
from 3o taking 12, there remains 18 the Height of 


3141.6, and the Solidity of the leaſt Cone is 678.58 56, 


 lidity of the propoſed Fruſtum. 


the ſmall Cone. 


ſhewn the Uſe of Plain Trigonometry in ſolving Pro- 
blems of Navigation ; and now we ſhall apply it in the 


to o find B C it wil be, by Caſe 1. of Reetangular Trigo- 
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Example. Suppoſe the greateſt Diameter of the Fru- 


we have 30 for the Height of the whole Cone, and 
the leaſt Cone; fo the Solidity of the whole Cone is 
the Difference of theſe is 2463.0 144, which! is the So- 


The ſuperficial Content of a F ruſtum of a Cone is 
found by adding to the ſuperficial Content of the whole 
Cone, twice the Area of the Baſe of the ſmall Cone, 
and from that Sum taking the ſuperficial Content of 


11. We have in the preceding Part of this Book, 


following Problems, to the meaſuring the Heights of 
acceſſable and inacceſſable 9 


Problem 1. 


To find the Height of any acceſſable Objeck. 
Let BC be the Object to be obſerved, and from 
any Point A in the Level upon which the Object 
ſtands, let the Angle of 
Altitude CAB be obſer- 
ved, and meaſure the Di- 
ſtance AB; then in the 
right angled Triangle 
ABC are given the two 
eee 20 oblique Angles A and C, 
JIE and the Side A B, whence 


am, 
1 FA n 
2 : | | | Example, 


s.-CY W „ 
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Example. Suppoſe the Angle of Altitude CAB is 


379 „24 and the Length A B 116 Feet, then for BC | 


it will be 

As Radius. =. - © - = = = 10.00000 

is to the Tang. of Altitude 49% 24-5: 894-4 

B 116 4806446 
to the Height of the N 88 69 - - 1.94787 


Mote, In aking the Height of any Object, it the 
Eye be not in the Level upon which the Object ſtands; 


then to or from the Height found, you muſt add or 


ſubtract the Diſtance of the Eye from the Level, ac- 


cording as it is placed above or below 1t, and the 


Sum, or Difference, is the true Height of the Ob- 


8 


The Height of an aceffible Object may alſo be 
found by means of it's Shadow. Thus ſuppoſe CB 
is the Object, and B A it's Shadow, cauſed by the 


7 


Sun at 8, and let D E be a Stick of a known Length, 
placed perpendicular to the Line of the Shadow, and 
in ſome Point of it D, ſo as the Extremity of the 

Shadows of the Object and Stick may coincide at A. 

Meaſure AD and AB the Length of the Shadows, 

and then ſince ED and C B are both perpendicular to 

AB, it will be, as A D the Stick's Shadow, is to DE 


the Length of the Stick, ſo is A B the Object's Sha- 
dow, to C 5 the Height of the Object. 3 
L 3 | Problem 


( 
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Problem 2. 


To find the Altitude of the Sun by the Length of 


the Shadow of an acceſſable Object, whoſe Meaſure 


is alſo known, 
Let CB repreſent a Stick, or any other acceſſible 
Object of a known Length, ſtanding perpendicular 
e to the horizontal Plane A E, 
„ and let A B be it's Shadow 
898 made by the Sun at S. Mea- 
oy ſure the Length of the Sha- 
| dow] AB, and then in the 
335 ͤ angled Triangle ABC 
Jp. are given the two Sides AB 


1 B 0. whence to find the Angle C A B, or the Al- 


titude of the Sun at the Time of Obſervation, It will 
be, by Caſe 4. of Retlangular . Vigonometry, 


AB: BE:: R: T,. A. 
8 Suppoſe the Stick BC is 4 Feet, and the 


Shadow of it A B 55 then for the Sun's Altitude it 
will be 1 


As the Length of the Shadow - 0.69897 


5 — 
is to the Length of the SEK: .- .:$-:-.-.0.60206 
ſo is Radius - = - - = 10.00000 
to the Tang. of the Sun's 8 Alt, 289, 39 - 


9.90309 
Problem Fr 


To find the Height and Diſtance of an inacceſſable 
Object. . 
Let D E repreſent an inacceſſable Object, and B a 


Point in the horizontal Plane on which it ſtands, and 


from whence we can obſerve the Angle of Altitude 


DBE. At any other Point in the ſame Plane as A, 


obſerye the Angle « of Altitude DAE, and m_ 
[ne 


the Length of AB the Diſtance between the two Sta- 


tions 1 and B, then in the Triangle A BD having 


I 


the external Angle D B E, together with the internal 
oppoſite one A, we have che Angle ADB (4% Art. 60. 


Sect I) and alſo the Side A B; "whence for B D the 


Hypothenuſe of the right angled Triangle DBE, it 


will be, Ly Cafe 2. of OZlique Angled Trivonometry. 


JJ SA HD - 
Then in the right angled Triangle BD E, are 


given the Hypotheneuſe BD and the oblique Angles; 
' whence for D E the Height of the Object, it will 185 


by Caſe 3. of Rettangular T rigonometry, 
JJ 
And for B E the Diſtance of the Object from the 
neareſt Station, it will be by the ſame, 
R,:S, BDE+;BD: BE; 
Example Suppoſe the Angle of Altitude at B 1s 


43, 30“ and at A 329, 12', and the Diſtance AB 


between the two Stations is 112 Feet; then the Angle 


ADB will be 11, 187 and the Angle B E. will be 


4.62, 20'. Hence fon 1 D it will be 


As the Sine of ADB. „ „ 11% 19 gan 
ie ! 11 =. -.-204922 
ſo is the Sine of A - 32, 124 - - 9.72663 
wBD--- os == 2040 -< +. -- 248377 


Zz 4 Then 
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Then for D E the Height of an Object the will be, 


As Radius - - — - - - 10.00000 
is to the Sine of D B E 43 » 3 — 9.83781 
bDOuUuBD - - „ -J04, - - 2.48371 
8 1 209.7 2.32152 


Leftly, For BE the Diſtance of the Object from the 
neareſt Station, it will be 


As Radius — Io ocooo 
is to the Sine of B D E 469, 300 9.860966 
iD 0. 2.48371 
ro B | 23 7 3 221 3 2.34427 


If the Obj ect 50 upon a riſing Ground, then 
find the Height of the Object above the Plane ON 
which you ſtand (by tbe laſt Problem, as alſo the Height 
of ſome Point on the riſing Ground near the Foot Pol 
the Object, and this laſt He eight taken from the for- 
mer will * the true Height Riege 


— 


$E U . XVI. 
of SURVEYING. 


H E Inſtruments chiefly in Uſe for taking a 
Angles in the Field are, the Plain-T, able, 
. Theadolite, Compaſs, Semicircle, &c. The Nature and 
Uſe of which is much eaſier obtained by viewing the 
Inſtruments themſelves, than by a Deſcription of them, 

from their Draughts upon Faper. 


2. To meaſure Diſtances upon the Field, they cc com- 
monly uſe Mr Gunter's Chain, which contains 22 
Yards in Length, the fourth Part of which, 5 2 Yards. 
or 16 2 Feet, is called a Perch or Pole, conſequently 

| | a ſquare 


red, and with a Semicircle, 


DABand ABD; then in 
the Triangle ABD are 


by Caſe 2. of Oblique Angled D 
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a ſquare Chain contains 16 ſquare Poles, and ſince an 


Acre contains 10 ſquare Chains, therefore 160 ſquare 


Poles is equal to one Acre. This Chain is commonly 
divided into 100 equal Parts called Links, and is ſome- 
times marked at every 10 Links tor the Conveniency 


of working by Decimals. 
Problem 1. 


\ To find the Diſtance of any Object ſrom a given 
Point. 
Let the Object be D, and the given Point A; 


then let the Diſtance between A and any other Point 


B (from whence we can 


ſee the Object) be meaſu- A 126 B 


or any other proper In- 
ſtrument, take the Angles 


given the Angles and the 
Side A B, whence to find _ 
the Side AD it wilt be, 


7. rigonometry, 


S Ds AB::8, B: AD. 


Exanple Suppoſe B Ai is 126 F eet; the * A 
989; 07's the Angle B 46%, 337, and conſequently 
the Angle D 35, 200 z then for A Di it will be 


As the Sine of D = --- 359, 20” - 9.76218 

is to the Diſtance A- - 126 1003 

ſo is the Sine of B - - 46, 334 - 9.86092 
fo the Diſt. between A and D - 158.2 — 2.19911 

Problem 
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Problem 2. 


| 55 o find the Diſtance between two inacceſſable Ob- 
I 


Let the two Objects be A and B, to which we can- 
not approach, being hindered by a River, Sc. aſſume 


B in ſome convenient 
Place two Points C 
and D, from each f 
which you can ſee 
the two Objects; and 

meaſure the Diſtance 
between them; then 
at the Point C ob- 
ſerve the Angle A 

CD and D Gt and at D obſerve the Angles C DB 

and C D A; ſo in the Triangle CD B are given the 

two Angles BCD and C DB (and conſequently the 

Angle CB D) and the Side C D; whence to find CB 

it will be S, CBD: S, C DB:: CD: CB. Again, 

in the Triangle ACD are given the two Angles ACD 
and ADC (and conſequently the Angle CAD) and 
the Side CD, whence to find AC it will be 

8, CAD: S, CDA::CD:CA. Laſtly, from 

the Angle A CD take the Angle DCB, and there 

will remain the Angle A CB; then in the T riangle 

ACB are given the two Sides A C and C B, and the 

included Angle A CB, whence A B, the Diſtance 

between the two Objedts 1 is found by Caſe 5. of Oblique 

N rigonometry. 


Ar 


Example, 
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Wan le Suppoſe the Angle ACD is 949, 55% 


the Angle BCD 419, 25, the Angle CDB 103ꝰ, 14“, 
the Angle ADC 46%, 44“ and the Side CD 144 


Feet: Then iſt fer C B it will be 


As the Sine of CBD - 33%, 2r/ - 9.76236 


is to the Sine of CDB < 103, 14 - 298856 
h in +: 415630 
JJ <-2429--:- 436438 
2dly, For C A it will be 
As the Sine of CAD - 389, 21 - - 9.79256 
is to the Sine of CDA 46 „44 9.86223 
JJ. 44: - 2.15590 
%% igt 


Fay, For A B it will be 
As the Sum of the Sides 0 


A and C 
is to their Difference - - - 73.2 - 1.80451 
jo is the Tang of the Sum p | 
of the Ang. CAB and Chad 63% 15" — 1.29753 
to the Tang. of + their Dilf. - 19 ,26 - 9.54778 
Wi f ws | 1 
As the Sine of CBA 43, 49) - - 9.84033 
is to the Sine of ACB - 53 , 30 =- - 9.90518 
ſo is A - - - 169.1 - 2.22803 
to AB- - - - - 196.3 - - - 2.29288 


conſequently the Diſtance between the two Objects A 


and B is 196.3 Feet. 
Preblem 3. 


To take the Plot of a Field at one Station, in or 
near the Middle of it; when we can from thence ſee 
all the Angles or Corners of the Field. gs 
This may either be done by the Plain Table or 


Theodolite, or any of the other Inſtruments aboye- 


Let 


mentioned, 


2.22803 


i e 


1 

i 
[1 

4 
Et 

; 

: 
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Let ABCDE repreſent the Field ; and firſt ſup- 
poſe you are to plot it with the Plain-Table. Ha- 
ving planted the Table with a Sheet of white Paper, 
fixed upon it, in or near the Middle of the Field, as 
at G; mark a Point upon the Paper to repreſent the 
Point of the Field on which the Table ſtands, and lay- 
ing the Edge of your Index upon that Point, and 
keeping it there, turn it about fo, as you can through 
the Sights ſee one of the Angles as A; then trom 
the Point, along the Edge of the Index draw the Line 
"No; GA, and meaturing the 
A Diſtance on the Field 
15 from the Plain-Table to 
the Angle at A in Chains 
and Links, take it from 
any convenient Line of 
equal Parts, and ſet it off 
upon the Paper, from G 


to A along the Line GA; 
: then (keeping the Table 
: C till fixed as it was) turn 


- 8 8 the Index ſo, as it lying 
with it's Edge upon the Point G, you may thro' the 
Sights ſee the Angle B, and drawing the Line GB, 
meaſure the Diſtance G B in the Field, which ſet off 
upon the Table from G to B; after the ſame manner 
drawing the Lines GC, G D, and G E, and joining 
the Extremities of them with the right Lines AB, 
B C, C D, DE, and E A, the Field is protracted, 
and the Lines B A, A E, Sc. taken from the Scale 
from which you protract the reſt, will give the Lengths 
of them in the Field. VVV 

To perform the ſame with the Theodolite, place 
the Inſtrument in, or near, the Middle of the Field, 
as at G, and ſo as the Needle may hang directly over 
the Meridian Line of the Card, which let NS re- 
preſent; then direct your Sights from G to the 
b 5 . Angle 


r 
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* 
3 Mop. 
IJ 9 
* 
© LY 
oy 
. 
8 
. * 
= 
-xv 
2 4 
=} 
7 
1 
P - 
* 


Of SURVEYING. 249 


Angle A, and obſerve the Number of Degrees it 
cuts, or the Bearing of A, which ſuppoſe to be N 
16%; 24“ E, and place this in the Field-Book, toge- 


ther with the Diſtance in Chaifts and Links from G to 


A, and proceeding the ſame Way with the reſt of the 


Angles, you will have the Bearing of each Angle from 
the Meridian, together with the Diſtance of each from 


the Inſtrument, in your Field-Book, the Form of 
which follows. . 


The FIE L D-BO OK. 


Angles Bearings Chains] Links Remarks, 

A AN 26, 24 E 7 20 e 
ig, £1 7 65 1 

0D: 10-545 50 4-6-1654 | 

E I 59, 4oW| 7 {26 | | 


The Table is ruled into five Columns ; in the firſt 


are marked down the Angles expreſſed by Letters, or 
any other Characters at pleaſure ; the ſecond contains 
the Bearings of theſe Angles from the Meridian; the 
third and fourth their Diſtances in Chains and Links 


from the Place of Obſervation, and the fifth is for any 
remarkable Occurrence. e 


Having marked down the Bearings of all the Angles 


in the Field from the Meridian, together with their 
Diſtances in Chains from the Place of Obſervation in 


your Field-Book, you may afterwards protract it 
upon Paper in the following Manner, vig. A ſſume 
any convenient Point in the Paper to repreſent the 


Place of Obſervation, and through it draw a Line 
repreſenting 


* % 
— ng WO ES EE, ͤ— p — — — —. 
— x —¾4 3 mY ** 32 ho Ges ee W * " 


— 
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repreſenting the Meridian ; then from that Point draw 
Lines making Angles with the Meridian as in the 
Field-Book, and ſet off from the ſaid Point upon 
theſe Lines the ſevera Diſtances expreſſed in the Field- 
Book, taken from any Scale of equal Parts. Laſtly, 
Joining the Extremities of them with right Lines, 
the Field will be protracted ; and the Area of it in 
Chains may be found by Prob. 4. Seck. XV. which 
divided by 10 will give the Area in Acres. 
The Method of plotting a Field by the Semicircle, 
Circumferentor, &c. differs fo little from the Way of 
doing the ſame by the Theodolite, that it would be 
_ altogether needleſs to ſhow it in each of them. 
When the Angles of the Field are at ſuch a Diſtance 
from you, that you cannot perfectly perceive them 
from your Station; then put Marks of white Paper, 


or Pieces of Linen at each of them, ſo as you may 


ealily ſee them. | 
If it be more convenient to plot the F ld at one 
Station in or near ſome Corner of the Field; then 
you are to do it the ſame Way by the Plain-Table, 
Theodolite, or any other of the Inſtruments, as 


when your Station was in or near the Middle of the 
Field. 


Problem 4. 


To plot a Field at two Stations near the Middle 
thereof, the Diſtance between which Stations is 
| known, and from each of which all the Angles in the 
Field, can be eafily ſeen. 

Let the Field to be plotted be CDEFGHK, in 
which chuſe two convenient Points A and B near the 
Middle, from each of which you can perceive all the 

Angles, and the Diſtance between which you know; 

then if you are to plot it 1 the Plain - Table, Plant 

the Table _ the Point A A, and mark a certain 
Point 


# 
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Point upon the Table to repreſent it, upon which 


lay the Edge of the Index, and direct the Sights to 


the other Station B, and by the Side of the Index 
draw A B, then from A along that Line ſet off a 
Line A B, taken from any convenient Scale of equal 
Parts, equal to the Diſtance between your two Sta- 


tions; then laying the Edge of your Index upon the 


Point A, and directing your Sights to D, draw the 


Line AD; the ſame Way keeping the Edge of the 
Index on A, direct the Sights to all the other Angles 


of the Field ſucceſſively, and draw the Lines A E, 


AF, Sc. then remove the Table to the other Station 
B, and laying the Edge of the Index along the Line 
A B, turn the Table about *till you can thro? the Sights 


ſee the other Station A, and fixing the Table, lay 
the Edge of the Index on B, and direct the Sights 
to D, and draw the Line B D, which will interſect 


AD in D; the ſame Way keeping the Edge of the 


Index ſtill on the Point B, direct the Sights to all the 
other Angles of the Field, and draw the Line BE, 


5 oY 7 "which will interſe& the former Lines xi 


; from 
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from A in the Points E, F, G, Sc. and joining theſe 


— — — —-— Iron > oY 


Points with right Lines, youll have the Plot of the 
Field, and the Lines DE, E F, Sc. taken from the 


ſame Scale of equal Parts that A B was taken from, 
vill give the Diſtances of the Angles in the Field from 
one another. Laſtly, The Area of the Field being 
thus protracted, Jun be found by Prob. 4+ of the laſt 


Seckion. 
In plotting of a Field at two Stations, you ought to 
take the Stations as far aſunder as conveniently you 


can; for the nearer they are together, the more Dan- 


ger chere is of contracting an Error, & e contra. 
To plot the ſame by Theodolite ; having fixed the 


Inſtrument in one of the Stations as A, turn it about 


*till the Needle be directly over the Meridian Line of 


the Card; then turn about the Index *till you can 
through the Sights ſee the other Station B, and ob- 


ſerve the Bearing of it from the Meridian, and mea- 
ſure the Diſtance in Chains and Links, both which ſet 


down at the Head of the Field-Book. Thus 


ABS 759, 23 E—3 Chains 24 Links. 


Then turn the Index to the Angle D, and obſerve 
it's Bearing from the Meridian, and the fame Way 
turning the Index to all the Angles of the Field, 

obſerve the Bearing of each of them, which ſet 
down in the Field-Book in the ſecond Column, 
marked at the Top thus, Statzon A. Then go to 
the Station B, and fixing your Inſtrument as be- 


fore, turn the Sights to the Angle D, and obſerve. 
the Bearing of it from the Meridian, and the fame 


Way turning the Sights to the reſt of the Angles, 
obſerve the Bearing of each of them, which mark 


down in another Column of your Field-Book, 
marked at the Top with Szation B, and your Work 


in the Field is finiſhed ; the plotting of which up- 
on Paper is ſo plain and caly, that it needs I no Ex- 


ample. 


By 


a County, or any large Piece of Ground, may be 9084 
in a Map, viz. By making Choice of two Eminen- 
res for your two Stations, the Diſtance between which 
you can meaſure, and from each of which you can 
ſee all the principal Objects, ſuch as Churches, Caſtles, 
Hills, Gentlemens Seats, and whatever elſe is remark- 
able in the Ground you are ſurveying. | 
If all the Angles of the Field can't be feen at two 
Stations; then make Choice of a third, from whence 
you can fee any of the former two, and the Diſtance 
between which you can meaſure; and if that be hot 
ſufficient, then uſe a 4th, gth, Se. Station; by which 
means you will always have two Stations to proceed with 


through the County you are to ſurvey, be it ever ſo 
large; and even in a Field where you can take the 


Survey of it at two Stations alone, the chuſing a third 


Station from whence you can ſee dne of the former 


ones, and alſo all the Angles of the Field, and thence 
taking the Plot of it as before, is a fare Way of 
proving Your * lter Work. 


Problems 5. 
To 1 5 a Field by going 1 it. 


Fer the Field be ABCDEF and ſuppoſe you are 
to plot it by the Plain-Table. Having fixed your 
Inſtrument at any of the Angles of the Field as A, 
mark a Point upon the Paper to repreſent it; chen 
Jay nz the Edge of the Index upon A, turn it about 
till through the Sights you can ſee the adjacent Angle 
F, and along the E dge of the Index draw the Line 


AF, which meaſure in the Field, and taking that from 


any Scale of equal Parts, ſet it off upon the Line AF 
on the Table from A to F; then move your Table 


from A to F in the Field, ad fix it ſo as the Edge 
of the Index, lying © on the Line F A, you can thro” 


Av the 
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By this Method the principal Places in a Sutvey of 
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the Sights Mo the 1 A, and laying the Edge of 


the Index on F, turn 
it about till chrough 
the Sights you can 
ſee E, and draw 


meaſure in the Field, 
and taking it from 
the ſame Scale, ſet it 
off upon the Table 


the ſame Manner 
proceeding with the 


reſt of the Angles you will have the Plot of the Field. 


To plot the ſme by the Theodolite. Having 


placed your Inſtrument at the Corner of the Field, 


you are to begin from, as at A, ſet the Index at 


oo Deg. oO Min. then turn the Inſtrument about 
with that End of the Index forward (or towards F * 


that lies upon 00 Deg. oo Min. till you can through 
the Sights ſee the Angle F; and there fixing the In- 


ſtrument, turn the Index about till you can through 


the Sights ſee the Corner B, and mark the Degrees 
(in your Field-Book) cut by the Index, which will 
be the Meaſure of the Angle F AB, and meaſure 
AF, in Chains and Links, "which alſo mark down 
in your Field-Book ; then remove your Inſtrument 


to F, and placing the Index upon the Beginning of 
the Degrees as betore, turn the lumen about "till 
you can thro* the Sights fee the Corner A, and fix- 
ing the Inſtrument there, turn the Index about till. 
you ſee thro? the Sights the Corner E, and mark the 


Degrees cut by the Index in your Field-Book, which 
will be the Angle A FE, then meaſure F E in Chains 
and Links, which alſo mark down in your Field- 
Book : the ſame 25 proceeding with the reſt of the 


Angles 


the Like FE, which 


from F to E: after 
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Angles mark down the Quantity of each, together 
with the Diſtance from the preceding, in your Field- 
Book; and thence you may project it at leiſure upon 
Paper. 

This Method of plotting a Field by going round 
it, is much leſs liable to Error than any of the two 
former; and is more eſpecially uſeful in meaſuring 
large Fields, or Fields upon which are Woods or 
other Things to obſtruct the Sight, in which Caſe 
the other Methods are impracticable. 


SECT, XxvIL 
 f GAUGING. 


1. XVI E have ſhewn in Set. XV. how to find the 


ches or Feet, Sc. which Solidity (if taken in In- 
ches) divided by the Inches contained in a Gallon, 


Buſhel, Sc. will ſhew the Number of Gallons, Bu- 


ſhels, Sc. contained in the Veſlel. 
The Nuraber of ſolid Inches contained in a Gallon, 


Buſhel, Sc. as determined by Act of Parliament, 
is as follows, 


A Gallon of Ale or Beer * 

| of Wine | 
| of Corn 
A Buſhel of Malt 
| | of Coals 
1 Scots Pint 


282 
„231 
268.8 
2150.4 
2246 
102.34 


contains 


A a 2 


Solidity of ſeveral Sorts of Bodies, in In- 


. 


solid Inches 
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356 of GAUGING. 
2. In Gauging, the Veſſels that are not cylindri- 
cal are commonly reduced to Cylinders, and their 
Solidities found as ſuch; . | 
A Caſe having different Diameters at the Head and 
Bung, is reduced to a Cylinder, by taking the mean 
or equated Diameter between the two tor the Diame- 
ter of the Cylinder equal in Length and Solidity to 
the propoſed Caſk; the common Method for find- 
ing the equated Diameter, and which ſerves. pretty 
juſtly in moſt Caſks, is this, viz. Multiply the Dit- 
| ference between the head and bung Diameters by .65, 
and adding the Product to the head Diameter, the 
Sum will be the Diameter of a Cylinder of equal 
Length and Solidity with the Caſk. 
Hence we have the following Rule for finding the 
Content of any Caſk in Wine, Beer, oc. The head 
and bung Diameter, and Length of the Caſk being 
given in "Inches, viz. Find the equated Diame'sr 
between the head and bung Diameters of the Caſk, 
and thence find the Area of the Circle belonging to 
that Diameter; then multiply this Area by the Length 
of the Caſk, and the Product will be the Solidity of 
the Caſk in Inches, which divided by the ſolid Inches 
contained in a Gallon of Wine, Beer, Sc. will give 
the Content of the Caſk in Wine, Beer, Cc. 


. Example, 


1% it be required to find the 1 of the Caſk 
AED B in Wine Gallons, whole head Diameter 
AE or BD, is 26 Inches, the bung Diameter FC 
34 Inches, and the Length GH 55 Inches. 
The Difference between the head and bung Dia- 
meters is 8, which multiplied by. 65, gives 5.2, and 
this added to 26 the head Diameter makes 31.2 for 
the equated Diameter, or De: of the Cylinder 


equal 


Of GAUGING. 357 
equal in Length and OE with the propoſed Caſk, 
the Arta of whoſe 
Baſe 8764.5 39770, 

which - multiplied 
into 55 the Length, 
gives 42049:08768 


tor the Solidity in F 
Inches; and this g is 
divided by 231 the 1 4 15 , 4 wth 
* fold Inches con- LW / i | Wy 5 1 
tained in a Gallon "WL, V1 2 4 
of Wine, gives td 
182.03328 for the Content of the propoſed Caſk NR 15 
Wine Gallons. ; 105 
3. If the propoſed Caſk be ſtanding with it's Axis * 
perpendicular to the Horizon, and is not quite full of wh 
Liquor; then in order to find the Contents of the WR 
contained Liquor, you muſt find the equated Diame- 1 
ter, as above, and thence the Area of the Baſe of the i) 
Cylinder, the Caſk is reduced to; which multiplied 00 
into the Depth of the Liquor, will give the ſolid Con- - al 
rent of the contained Liquor in Inches, and this di- 1 


vided by the Inches in a Gallon of Wine, Beer, Se. 
according to the Liquor contained, will give the Con- = 
ents of the Liquor in the Caſk. 1 
This Rule more eſpecially ſerves when the Caſk is | 
more than half full of Liquor; but when it is lefs 
than half full; then the Content of the contained 
Liquor is better found by ſubtracting the Content of 
the empty Part of the Caſk. (found as above) from 
the Content of the whole, and the Remainder will 
be the Content of the contained Liquor. 


: wt 1 ; — . 
„%% ᷣͤ Is CIOS iy Nahas 
« i moon 4 «h E 


In Gauging, by the Area of any Surface in 
Wine, Ec. Gallons: is meant the Content of it at 
one Inch Depth. - Conſequently the Area of a Cir- 
ele one Inch Diameter being. 7834, this divided by 
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282, will give .00278; for the Content of that Cirele 
cne Inch Depth i in Ale or Beer Gallons, and the fame 
divided by 231 will give .0034 for it's Content in 
Wine Gallons; and ſince Circles are to one another 
as the Squares of their Diameters; therefore, As 1, 
the Square of one Diameter, is to .0034 or .002785, 
the Area of that Circle in Wine or Ale Gallons, So is 
the Square of Diameter of any other Circle, to the 
Area of that Circle in Wine or Ale Gallons ; hence 
fince the firſt Term of the Proportion is Unity, it 
follows that the Area of any Circle in Wine or Ale 
Gallons is found by multiplying the Square of the Di- 
ameter by .0034 for Wine Gallons, and by .002785 
for Ale Gallons, and this Area multiplied into the 
Length of the Caſk to which the Circle belongs, will 
give the Content of the Caſk in Wine or Ale Gallons ; 
and hence the two Numbers -0034 and 00278 5 are 
called Fixt Multipliers. 
Again, If 1 be divided by the former Numbers 
og and . 00278 f, there will be produced their Re- 
.ciprocals 294. 12 and 359, with the firſt of which, 
dividing the Square of the Diameter of any Circle, 
the Quotient will be the Area of that Circle in Wine 
Gallons; and if the ſame be divided by the laſt, the 
Quotient will be the Area of that Circle in Ale Gal 
lons ; hence theſe two Numbers 294.12 and 359 are 


called Fixt Diviſors, and in Practice are commonly 
made uſe of by Gaugers. 


5. When a Cafe is lying upon it's Side, with-the 
Axis parallel to the Horizon, and is not full; but 


the Surface of the contained Liquor cuts the Heads 

of the Caſk; then to find the Contents of the Li- 
quor contained in the Caſk, we muſt firſt know how 

to find the Area of any wen of a given Circle. 

In order to which 

„ Pet AELBH repreſent a Circle, whoſe Diameter 


AB is 2; then (by Cor. 1. Art. 2. Sect. XV.) the 
Circumference of that Circle will be 6.2832, and the 


Area 
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Area 3.1416 (by Prob. 6. Se. XV.). Hence 'tis evi- 
dent, that if the Diameter of a Circle be two Inches or 
Feet, Sc. the Circumference of that Circle will con- 
tain twice as many Inches or 
Feet, Sc. in Length, as the 
Area of it contains ſquare „ 
Inches or Feet, Sc. i. e. the L 
Length of the Circumterence , 
is double the Area; and ſince 
the Area of the whole Circle, 
1s to the Area of any Sector 
of it, as the Length of the as 
whole Circumference, to the | 
Length of the Arch of that Sector; it follows, chat 


de Length of half the Arch of any Sector of a Circle 
whoſe Diameter is 2, is equal to the Area of that 
Sector. So in the annexed Scheme the Length of 


DE, half the Arch of the Sector D C FE will be 
the Area of that Sector. 

In the annexed Scheme, ſuppoſe GE (the verſed 
Sine of half the Arch of the Sector DCF E) to be 
equal to . 4; then ſince the Radius CE is 1, 'tis 
evident CG (the right Sine of D A, the Complement 


of DE half the Arch of the Sector) will be equal 


to. 6; ſo making it as 1 is to. 6, or (to avoid Frac- 


tions) as 100, is to 60, ſo is the Radius of the Ta- 


bles, to a fourth Number; this will be the Sine of 
AD, and looking into the Table we ſhall find it an- 
ſwer to 36.87 Degrees; the Complement of which, 
. £3.12 Degrees! is the Arch DE; which multi 


plied by .017453 the 35+ of 6.2832, gives. 92727789 


for the Length of the Arch DE, which is equal to 
the Area of the Sector . 


Again, In the right-angled Triangle CG, tis 
evident (by Cor. 1. Art. 70. Sect. I. 55 if from 1 the 


Square of CD we take .36 the Square of CG, there 
will remain .64 the Square of DG, the ſquare Root 
0: yen, . VIZ, 8 is equal to D G, and this doubled 


A ns gives. 


— 
S 
- — —— — 
— — 
—— 


*S3-. ers 7 > 6 ki” VS Cad 
— —— — 28 
— - — —_—_— — 
N Ax 5 


: ” 
47 1 
'Y U 
1 
7 A 
1 
134 
16 
1 
4 
1 
. 
« £47 
144.8 
15610 
+01 oo 
4 wy * 
wel 
VB 
1 WP 
14 
1 I. f 
+... : 
$144 
5 4-5 
+6 v4 
© x „ 
11 
4 1 
6 
i 
a 
1 
er 
* » . 
14 
: 10 
. uy 
1 
* : 
La, f 
9 
N 
4 
4 
3 f 
- TH 
1 4 
16; : 
1 
* 
* 
M4 
' 
wt : 1 
"ly 
e 
»d b 
Ws || 
4 * 
4? 
1 
7 
+; 
7 
-#+ 
* 
7 
{4 1 
il 
1 
' 4 
17 
10 
$ 
177 
4 
y 71 
18 


— — 2. 7 
+ gen 


360 Gf 4 GAUGING. 


gives 1.6 equal to DF, which multiplied into. 3 the 
half of CG produces 48 ſor the Area of the Triangle 
DCF. Then from .92727789 for the Area of the 
Sector DCFE taking 48, the Area of the Triangle 
DCF, there will remain .44727789 for the Area of 
the Segment DEF, and this taken from 3. 1416, 
the Area of the whale Circle, there will remain 
2.69432211 for the Area of the other Segment 
D HF D whoſe verſed Sine is 1.6. 
After the ſame manner, by dividing the Diameter 
of the Circle, viz. 2, into 100, or any other Num- 
ber of equal Parts, we may find the Area of the Seg- 
ment anſwering to each verſed Sine. 
Having by the foregoing Method, found the Area 
of a Segment, belonging to any verſed Sine in that 
Circle, whoſe Diameter is 2, and Area 3.1416 ; we 
may find the Area of the ſimilar Segment in any other 
Circle by the following Analogy, viz 
As the Area of that Circle, whoſe Diameter! 18 2, 
VIZ, 3- 1416, 1s to the Segment belonging to any Part 
of it's Diameter, .So is the Area of any other Circle, 
to the Segment belonging to the like Part of it's 
Diameter. 


And hence ariſes che Conftradion of the follow- 
ing Table. 


2 A Tanrr 
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* TABLE of the” 2 of a. Brel, RE 
Area is 1 the Diameter, (vi. ser Wes 
divided into 100 equal Parts. e | 
| V . V. 22 | Ie | V |Segm. jj V..| Segrr. 
41551 18264380 66389 81 87% 
2.004822 [.1631 [42.3986 [62.6514] 82| 8776 
{| .0087 23 6.1738 [43 411263 6636 1| 83] 8873 
440134241845 444238 646759848968 
518725 2955 4365 05 688188 .9059 |- 
6.0245 26 [.2066 [46 1258 56 786 -9149 | 
71.030827 2178 47 18 671.7122 || 87 | 9236 
| 81.0375;|28 |.22921[48 [.4745 687241088 .9320 | 
i 91-0440;129 240% {49 |..4873 j[69\.7360 || 89 | 9402 
f 
11.089831 .2640 [515127717593 979554 
12.068032 . 2759/62 .5255 72770892 .9625 | 
| 13]-07641[33 |-28731|53 |-5382 73.7822 93 -9692 | 
14].08511134 [.2998 }| 54 |-5309 j|74 |-7934 || 94| -9755 | 
1529471135 b-31191$55 1:5035 {175 1.8045 11.95 | 9813 
161610320036 [.3241 55 5762 [76.8155 [ 96 | .9866 | 
17].1127}137 j.3364[]57 [-5888 {[77|.8262 {| 97 | .9913 | 
| 18|.1224i[38 [.3480j| 58 [.6014 78.8369 98 .9952 | 
191132339 [30111159 |.0140 79.8474 99 | 9983 
201.1424] 40 | 3735 (EO j.6265 [80 8570 j1100 [1.0000 ; 


In this Table you may obſerve, that the Columns 
marked at the Top with V, contain the verſed Sines, 
| proceeding from 1 to 185 and the adjacent Columns 


contain the Areas of the Segments belonging to theſe 


verſed Sines. 

By this Table the Content of the Liquor contained 
in a Caſk not full, lying with it's Axis parallel to 
the Horizon, and the contained Liquor cutting the 
Heads of the Caſk ; may be found after the follow- 
ing manner, Viz, 

To the wet Inches of hs bung Diameter, add a 
SPOT. Number of JETER; and divide this ke 
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the whole Diameter; then ſeek for the Quotient in 

the Columns marked V at the Top in the preceding 
Table, and oppoſite to this in the adjacent Column, 
| you'll find the Area of a Segment, which multiply 
into the whole Content of the Caſk, and the Product 
is the Content of the Liquor in the Caſk. If inſtead 
of the wet Inches we had uſed the dry, then the laſt 
Product would have been the Content of the empty 
Part of the rs which 1s called the Ullage. 


: Example 


Seppel a Caſk lying with it's Aris parallel to the 
er , has a certain Quantity of Wine in it, the 
bung Diameter is 32 Inches, the head Diameter 28, 
the Length 48, and the wet Inches 20. Required 
the Content of the Liquor. 

To the wet Inches 20, I add a Naber of Cy- 
phers, and dividing it by 32, I find the Quotient 66, 
. which I look for in the Table and find it anſwer to 
the Segment .7002, which multiplyed by 152.8 the 
Whole Content of the Caſk in Wine Gallons (found 

by Art. 2. of this ect.) gives 107 for the Content 
of the Liquor in the Caſk, in Wine Gallons. 

6. Malt when lying on a Floor is gauged by tak - 

ing the Depth of it in Inches, in ſeveral Places, and 
dividing the Sum of theſe Depths by the Number of 
them, the Quotient will be the mean Depth; which 
multiplicd into the Area of the Surface gives the So- 
lidity in Inches; and this divided by 2150.4 gives 
the Content in Buſhels. TOY 5 
J. Solid Timber is meaſured by ths ſolid Foot, 

each containing 1728 ſolid Inches; the common 
Way 18 this, viz. Girth the Tree in ſeveral Places 
and take + of the mean Girth in Inches, for the 
Side of a Square; which e multiply into the 
2 Length 
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Length of the Tree, and the Product will be the 


Solidity in Inches, and this divided by 1728, will 
give the Solidity of the Tree in Feet. 

8. The Solidity of irregular Bodies may be found 
exactly, after the following Method, viz. Let the 


Body be immerſed in Water in a Parallelipiped, whoſe ' 


Sides are exactly divided into Inches; and the Solidity 
of the Water raiſed, will be equal to the Solidity of 
the immerſed Body. 


The common Rule for finding the Tunnage of 


a Ship i is as follows. | 

Multiply the Length of the Keel by the Breadth, 
and the Product by half the Breadth; then divide 
this laſt Product by 95, and the Quotient \ will give 
the Tunnage. 


. 


Suppoſe: a Ship's Keel is 135 PO and her Breadth 


from out to out, 48 Feet. 
of that Ship. 


| Required the Tunnage 


The Length of the Keel, viz. 1 35 multiplied i in- 
to the Breadth 48, produces 6480, and this multiplied 
into 24, half the Breadth, gives 155520, which laſt 


divided by 95, the Quotient is 16 37 the Tunnage of 


the 1 * 
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4 TABL E I the Latitudes oil Bungie of 15 of 
the moſt principal Harbours, Headlands, and Hands, 
in the moſt frequented Parts of the World, the 12 85 
ul ber counted from the Meridien a. Lox NDON, 


Places Names | Lat. 1] Long. 7 
3 ; CPC 
1 The Coaſt of England. [D. M D. M. E 
E RV TCR — —|55 30 fo 39 W 
 Newcaſth — — 64 31 jor: 30 W 
F 2 7 ne (54-207. eee e 
Stoctoan — ei £5. 
Flamborough- Head : wo 54. OL ot 11E 
Zarmouth — i dn en 
Pfbicbd — iii iin ot {00 E 
Colcheſter — 152 O4] Joo 58 E. 
LONDOW — —|5: 32 [oo oo| 
The Deus — 1 25 Mjor 211E 
Dover —  —-{5: 1518. [o 18 E 
Beachy — — — — 50 48 C0 236 W. 
Portſmouth — — 50 48% ol oo W 
Dartmouth _ —150 27 C03 36|W 
- Plymouth — . 250 36S lo 13 W 
Lizard — — 50 oof” o 141W 
Briſto— — 2451 32] lo2 35 W 
Liverpool — 253 20 [oz 10 W 
White-Haven — — — 34 10 log 0 W 
The Coaſt of Seen ps: | | 
Glaſeow — — 55 53] lo4 OW 
Aberdeen — — 57 244 jor 37 W 
Leith | = —n — {506 oo 102.654. 
St Kilda — —\i58 o2] lor o5|W. 
Lat-Neſs — — 58 47] ſo2 OW 
Buchan- Ne ſs — 57 551 oi 200 
Orkney Iſes — — 159 13] log 32 
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| Places Names. "+ i. | Long. 
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Cape 4 Verde — 
River Gambia — 
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Canary — — — — 
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St Lucia — — — 
St Nicholas — — — 
Vincent — — 
Anga — — H— — 
Barbados, — — — 
TT 
5 or Crus — — — — 


27 
27 


15 
17 
17 


13 
17 


| Coalt of Carolina, Tir irginia, 


Maryland, &c. 
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Southern Lands. : 


of Helena — 

St Metthew' 5 
Princeps — 
S f bomag — 
Aunabons — 
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Moſambique 
River de Fugos 


Cape de 887 
Surat 

Siam Entyahct 
Goa 
Fort $t George — 
Dew Point — 
Bengal 
Malacca — 
Cambodia 
Nanquim 
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Iſlands in the alt Te 


Abdeleur — 


 Almircant Iſles the Katers 


Bantam in Javes 
Batavia 


of the Red Sea 
Borneo 
Good Fortune — — 
Java, Eaſt End 
Japan, S. Eaſt Point 
— —S, Welt Point 
Joanna 
Princes Iſle 


 Locatra 


| Babelmandel, in the Mouth 
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Madagoſcar, South End 


of &, Sebaſtian — — 70 


- Coaſt of the Sound and Bat- | 
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Places Names, | Lat, | | 

. 2 D. N. 

| Hm — — — — 56 00 00 
Copbenbagen— — — 35 40 
Stockholm — — | 59 20 
 Vyburgh — H— — — 60 20 
Prerjburgh — — — 59 24 
Riga — — — =—|56 50 
Coning erg — — — 565 00 
Dantzick — _ ĩœV 2 
Scaco — — — 57 26 


Coaſt from the Naze of Nor- 
way to Archangel | 


Naze of Norway — —|;7 50 Eo 22 8 
 Dronton — — — — 64 0 10 408 
North Cape — — 7 25 22 100 
Standland — — — 62 100 C04 388 
Kilduayn — — — 469 32830 122 
Archangel Bar — —[|64 305. 40 30 . 
; Crojs Hand — — —|6 353 © 


| Coaſt of Northern en 
Nova Zembla, Iceland, and 


ne + 

Bear Js —= = — — 74-25] is 12 
Hope j—— — 76 13] 21 44 
Cat.. 666 44]; 33 13 
Point Lookout — — — 76 40 16 25 
Horn Sound — — — 77 30 13 56 
Crims Iſland — — — 66 43 17 45 
Whales Back — — — 65 27] 10 5 
Sound Rea! — — —j66 20 4 12 
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366 * A Table of Logarithms. 
IF. * Logar. \ N. | Logar. N. | Logar. 


| 1]o.00000]| 46|1.66276]| 9.95904 
210.30103]] 4711.67210|] 9211.96379 
30.477 2] 48|1.68124]] g3[1.90848 
40.6020 | 49] 1.69020] 941.9733 
10.598971. 9897 [ g5[1-97772 
8 6 0.77815 51170757 g6[1.98227] 41 2, 14922 
7]0.84510]] 52/1 71600 9798677] 42]2.15229 
f . $10-903094 5311-72428] 98199123] 432155344 
| 919-95424]] 5411-73239]] 99199564] 44215830 
| 106]+i.00000[] 5511.740360] 100 2 00000] 45] 2.16137 


— ————— — | — — — — — — — — —!ꝛ0 —y—- — —— lß— 


| 11]1.04139]] $611.74819]] 1010 00432] 46] 2.16435 
_-12[1.07918]] 5711.755587 o2|2.00860] 47 2.10732 
| 1311.11394]] $5811.76343]] o3|2 01284] 48 2 17026 
| 14|1-14613]] 59 77885 04 2.017030 49] 2.17319 
| 15]1.17609]] 60/1278 15([ og 2.02119] 50] 2 17609 
16]1.20412]] 611. 78533 | 06]2.02531] 51 2. 17898 
7 1.23045] 62179239] o7|2 02938] 524 2.18184 
18 1.25527] 63 1.79934] 08203342] 532.1846900 
201.30 030 651 812910 10/2 04139] 55219033 
211.32222] 6611.819544] 1102 04532] 562.19312 
22 1.34242] 671.8260 1202 04922] 57 2.195900 
23 1.36173] 681.83251[[ 13/2 05308] 581 2.19866 
24 1.380211] 691.83885[ 142 05690] 59 2.20140 
[.1-39794|]..._ 79] 1.84510 2.06071] 60]2.20412} 
2611.414970] 711 851261] 6 3 
27143136 721 1.85733] 172.068 19 622. 20952 
2801.447160 7311.863320 182.0718880 63 2.21219 
29 1.46240] 741.8692319 2.07555[ 64|2.21484 
e256. 29]2 07918] 6518-21748 5 
31149136 7611.88081| 212 08279] 662.2201 
321. 0515[ 77188649] 222 08636] 67 [2.22272 
3311-51851 781. 89209] 232 08991] 68|2.22531 
34|1-53148]] 79 1.89762]][ 24/2 09342] 69 2.22789 
35 1.54407 801. 90309] 25|2.09091] 70[2.23045 
| 36]1.55630]] 8$1]1.90849|} 26|2.10037] 71|2.23300 
2371.568200 . 8211.91381|} 27/2 10380] 72 2.23553 
38 1.57978] 83[1 91908{|] 2802.107210 7312.238055 
391. 59106 8441.924288 292 11059] 74 2.24055 
40 [1.60206]] 851 92942 302 11394] 75 2.24304 
4111.612780] 861.934500[ 3112.117271 76[2.24551 
42 1.62325[ 87/1 93952] 322.1205777 2.24797 
43 1.63347 88 1.94448 33 2.12385] 78 2.25042 
44164345] 89194939] 342. 127100 7902.252850 
45 1 3 201284241 35: FE 13933 302.2552717 
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| N. C r. [i N. E Logar.” . N. N. Logar. r „ Logar. 
1812.257680 2262.354110 27112 432% 36/2 49959 
3822. 26007] 272.3560300] 72 2.43457 17]2.30106| 
\ 83[2-20245]}  28[2.35793]] 73[2-43016|| 18]2.50243| 
84 2.20482 l 29 2.35984 74 2.43775 | 19 2.59379 | 
85|2:207171}__39[2-36173]} _7512 43933||__20[2.50515| 
8962.269510 3112.36361]} 76.440 % 2112 5051 
87227184 3212-30549]] 7712 442480 22/2 50786 
882.2741600] 3312.30736]| 78.4444 232. 50920 
89 2.27646 3402.369220] 792 44560 24/2 51055 
 _99[2-27875||__35[2:371071|__ 8012-447 16] 252.8188 
| g1[2.28103 36012-37291 8112-44871 26 2.51322 } 
| 92[2-28330} 3712-37475] 8212-45025 27251458 
9312.285560 3802.376580 83[2.45179 2802.515875 
= 9442 28780 39 2.37840 8412-45332 292.5 1720 
952:290031| 49238021 852.4484 302 51851]. 
96 2.29226 4 2.38202|| 862 45637|| 31/2. 2.51983 | 
97 |2-29447]| 42|2 383820 87 2.45788 3202.521144 
98 2.29067 [ 43]2 388610 882.45939] 33252244 
„% 4415352399; 5912-49000! 1; 3412-02375}! 
200[2.30103}} 45[2-38917]] 9012.46240 | 3512.52504| 
201 [2.30320|| 46|2 39094 9112.46389|| 36|2 52634] 
_ 02[2.30535]| 4712-39270|| 9212 46538 372.5276343 
03 2.307500 4812-39445|| 9312 46087] 38/2 528921 
04 2.30963 49239620 942.46835 392.5320 
eee, 
06 2.31387 51ſ 2.39957 9612 471241253275 
07 2.31597 522-40140% 97/½.47 27500 4202.534030 
082.3180600] 532403120 9812 47422 432 53529 
02.3205 5412 40483 9912 47567 4442.536566 
102.3222255 2 40654 300 47712 452.5378222 
11 2.32428 562.40824 301 2.47857 462.5 3908 
1202.326344 $5712 40993 22.480 472 540330 
1312.328388 5802.411620 031[2.48144 4812.541581 
1442.330410 592 41330] 04[2.48287|| 492.5428340 
152 33244 6012-41497j|__0512-48430|| 502 54407] 
16233445 51 2.41664 062 48572 5112.545310 
172.33646 62 2.41830 072 48714] 5212 545540 
18 2.33846 632.4990] 082.48855 5312-54777] 
19 2.34044 64/2 42160 092. 48996] 542. 54900 
202.3424265 2.42325 02 413% 552.5023 
212.3443952 42488 11 49276 562 55745 
222.3435 672.42651 122.4415 572.5527 
232.3483068 2.42813] 132.4954] 582553880 
24/2 35025 69 2.42975 | 14|2 49693 592.55 609 
2612.35218[| 70 2 43230 1512 49831 65 2.556300 
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+ To Logar 
3612.557510 406 2.60853 
62]2.55871]] 07]2.60959 

632.5 5991 08 | 2.61066 
' 64]2.56110j} 092.6172 

55 2.56229 102.61278 
662. 56348 11]2.01384 
67]2 56467 12[2.01490 

' 68[2.56585|] 13][2.61595 
69[2.50703 14|2.61700 

702. 56820 1542 61805 
712.56937 10]2.61909 

722 57054] 17]2.61014 
73]2.57171 18]2.61118 
7442.57287][ 19]2.62221]]| 
7514574931] _22 [202325 

76 2.57519] 21|2.62428 

7712.576344 22[2.02531 
7812-57749] 23]2-02734 
7912-578641] 24/2 02737 

n 

5812.5 8093][ 26262941 
822.5882060 27263043 
832.583 200[ 282.6317144 
84]2-5%433]] 292.6324 

1 

862 58659] 31/2 63448 
8712.587210 32[2-03548 
8812.58883 33 2.63649 
892 58995|| 34/2 ©3749 

E | WET lads, 
g91]2.59218]; 36[2-03949 
g92|2-59329]| 37/2 64048 
93]2-59439]] 3812-04147 
94|2-59550]} 392 04246 

$5]: 596601 __ 4012 04345 
962.39 7700[ 41]2 64444 
9712.1 59879]] 4202 04542 
9812.599880] 432 04640 
992. 60097 44/2 64738 

400 2.60206 45 2 64836 
401 |2.60314]| 4612-64933 
02 |2.60423]]| 47 2.65031 
o3|2.60531]] 482.65 128 
04 |2.60638]] 49 2.65225 

- Oc | 2.00740 


—— 
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795 2.59545 
2.69636 


2.69723 
2.698 10 


2.69897 


— 


1 
OI 


2 70329 
2 70415 


2 69984 
2.70070 
2.70157] 
2.70243] 


2.70501 
2.70580]. 
n 
2 70757] 
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— 
+ 
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2 71933 
2.72016 


2.72099 
[2.72181 


$12.72263 | 
2.72346 
2.72428 

2.72509 
2.72591 
2. 72673 
2.72754 | 
2 72835 

2 72916 
2.72997 
2.73078 
2 7315014 
1273230] | 
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N. | Logar. N Logar. | N. | Logar | MN. Logar. 
; 54112 73320 | 5862.707900 631|2 80003]. 676 2. 82995 
422 73400 87 2.76864] 32] 2 80072ji 77 2.83059 
4312-73480 | 88]2.76933]] 332 8014 78 2.83123 
44|2 7560 ][ B8g|2,77012]| 34 2.80209]: 79; 2.83187 
452 73940 | 902 77085|| 3502 8 277 80 283251 
4012-73719 |. hi[2-77159]| 3602.803400 812 $3315 
4712 73799 | ' 92]2-77232]] 372 80414] 822 83378 
| 48]2.73878 9312 77305] 382 80482]} 83283442 
49273957 [ 94]2-77379]| 39/2805 50 84| 2.83506 
ere 
512.74115 962 77525]| 41/2. 800860] 86| 2.83632 
52 2.74194] 9g7|2-77597]] 4212 80754 872 83696 
5312.742730] 981]2-77079]| 43/2 808210 882 83759 
5442.743510 99[2-7774:]] 44/2 808890 892 83822 
_$5[2-74429;] 600|2 77815]| 45|2-30956]; go; 2.83885 
56]2.7:507)] 601 | 2.77887 46|2.81023}; qg1] 2.83948 
 $742.74586j] oz[2.77960]| 47|2.81090|| 922 84011 
582.74663[ 03/2 78032]| 48|2 81158]; 931 2.84073 
-$912.74741 42.78 1044] 49|2.81224]| 941 2.84136 
602 74819]] og|2.78176]| 5oſ2-81292]! g5|2 84198 
612 74896|| 06[2.78247]| 51|2.81358]| 962 84261 
6212.74974]] 07|278319]] $2[2-81425}| 97284323 
03 |2.75051 o8| 2.78390}| 5312 B14gi]| 982 84386 
642.75 1280] og|2 78462] 54|2.81558]} 99 2.84448 
65 2.75205 [102 78533]| 55|2.81624| 700| 2.84510 
060]2.75282 172 78604] 5612.816900 70102 84572 
6712.75358]] 122 78675]] 57 2 81757] o2 | 2.84634 
68]2.75435 1312.787400] 5812.818231] o31 2.84696 
692.755 10 14/2 788170 592 81889] 04|2 84757 
20 2.25587 152.7888880] 602 81984] 05284819 
7102 75664 ][ 16 2.789580] 61 2.820200 o6| 2 84880 
722 75740][ 17 2.79029] 622 820860] 072 84942 
7312.75815][[ 182 79099] 6328215100 08 2.85003 
 74|2-75891]] 19 2.79169] 64/2 82217]; og] 2.8506; 
75 2.75967 20 2.79239] 652 82282 10|2 85126 
7612 76042 21|2.79309]j 66]|2.82347]| 11]2.85187 
77|2-76118]] 22|2 79379] 67|2.82413}| 12] 2.85248 
782 76193]] 2342.79445}| 682 82478} 13]2.85309 
79 | 2.76268 24] 2.79518]}| 692 82543]| 14|2.85370 
8012-70343} 25|2 79588]} 70j2 82607 152.8431 
8142 2 76418 26 2.79657 71 2 82072]} 162.8549 
8212.764921] 272 79727]| 7212 82737] 1742.85552 
832 76567 28\ 2 79796]| 732 82802 18 2.85612 
84 | 2.70041 29| 2.79805 | 7443-62908 19| 2.85673 
2.7671611 3ol2 70 75!) 2.82930) 2012 85733 
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A. Table r — 


N. Lgar. I N. | Logar. E N. | Logar. || N. | Logar. | 
7212.857940 766 2.88423 | 811]2.90902]| 836|2:93247 
22 2.85854] 6712.884800 1202 90956 57293298 
23 2.859140 6802 88536] 13{[2.91009]] 581293349 
24285974 69288593 14/2 91062 592.93399 
| 25 | 2.360341] 7012 88649] 15/2 911160 60293450 
| 26 2.86094 |] 71]2.88705|] 16|2 g1169]] 61]2.93500 
27] 2.86153] 72]2.88762|]  17]2.91222ſ| 62f2.93551 
282 86213] 732888180] 18]2.91275]] '63|2.93601 
29 2.86273] 7442.888744] 192 91328]] 642.9365 1 
30 2.86332 [ 752 2.889300 2092.913810 6512.937202 
| 31] 2.86392] 76{2. 2.88986| _ 21]2.91434]| 66]2.93752| 
322.8645 77]2.89042|| 22291487] 6712.93802 
| _ 33] 2.86510] 78[2.89098 2302 91540] 68]2.93852| 
342.8057 79/2 89154 242915930 692.93902. 
35 2.86629] 802 89209 25 2.91645} 70[2.93952} 
30] 2.86688]| 81]2 89265|| -26]2:91698]} 71|2.94002 
. 37] 2-80747}| 8212.89321]] 272 91751] 72[2.94052] 
| 38] 2.86806]] 83[2.89376]] 28[2 91803] 7312.94101 
39 | 2.86804 || 8412.89432|| 2912.91855]| 74[2.94151 
40 2.86923] B85[2.89487]| 30[2.91908]| 75|2.94201 
41] 2.86982]] 86f2.89542]| 31]2.91960|| 76 2.94250 
422. S704 8712.895907 32[2 92012] 77[2.94300| 
432.8709 [ 8842.89653]] 3342 92065([ 7812:94349 
44 | 2-37157}} 892.89 708 3442.921170] 7912-94399] 
45 2.87216 02 89763 _ 35]2 92169]] 802.94448 
462 87274] 912 898180] 36[2.92221]] 81[2.94498 
47 2.87332 [ 922 898730 37/2 922730 8212.94547 
48 | 2 87390 932 89927] 38 2.92324]4% 832.94595 
49 2.87448] 942 89982 39 2.923760] 842.9445 
2.87506 25/2 90037 402.9242885 2.9494 
51 [2.87564] 9g6[2.90091i]| 41 2.92480][ 86ſʃ2.94743 
522 87622 9712.901460] 4212 92531 87 [2.94792 
53 | 2.87080} 9802 gozoo|| 432 92583}] 88[2.94841 
542.7737“ 9912 9255 [ 4412 92634 3912 94890 
_$5 | 2-87795|| 8 . % % _4512 22686 92.94 
56 2.87852] 8012.903634] 465292737] 912 94988 
57 2.879100 0212 90417]| 472 927880 922.9503660 
58 2.87967 0312 99472]| 4812 928400 932.9585 
592 88024 0442 905261] 492 92891] 9442.951344 
60 2.8808 1[[ 051]2.99580]| 5012 92942] g5|2.95182 
61 | 2.88138}] o6ſe. 90634 5 12 929931] 96 2.95231 
622.88 196 0712.99687|| $5212:93944{| 97295279 
632 88252] 0812.90741]] $5312.93995]| 982.9532 
64 | 2.38309] 99.9 542931460] 99 2.95376 
| 654 2. — 1012.908491] 5512 93197 gool 2. 95424 
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5 Logar. IN. Leogar. || N. Logar. || N. Logar. | 
| go1 [2-95472|| 94012-97589] 9912 996% 10360301536 
022.9552147 2.9735([ 922.9960510 3713015781 
032.95 569] 4802.976810 932.9969 5 3813 01620 
04 2.95617][ 49[2-97727]] 9412-99739]| 3913-01662 
-_052:95065|}__ 5012-97721} _9512-99782{| 4913 01703 
o0|2.95713{} $5112.97818|] 96 2.99826 | 4113-01745 | 
07 [2 95701j| 5212-97804] 9712.99870j| 4213 01787 
o8 2 95809]] 532 979099 98|2 99913 4313.018288 
992 958560 542.9755 99 2.99957 44301870 
2.5954 2 98 1 3.5 43 351912 
11 2.95952] 562.9804600 3.00043 46 361953 A 
12|2.95999 5712.98091]] o2 3.0087 [ 47]3.01995| 
13 2.96047 58 2.98137] 33.001300] 4813.020364 
142. 96095] 59/2 98182] 043.0173] 49 3.02078 
15 2.96142 _ bo 2.98227 05|3.00217]] 50302119 
1612.961900 612.98272 ] 063. 0 5103.021600 
17 2.96237] 622 983180] 3 00303|| 5213.02202| 
18 2.962844] 63298363] 083 0346 5303.022434 
19 2.96332] 642 98408] 093, oo389 54|3.02284| 
_2012-96379]|__05]2:984534|__101 3:00432|| _ 5513-02325 
_ 21|2.96426]| 662 98498 11] 3.00475 || 563 02366 
22 2.96473] ©6712.9854.3 12 3.005180] 573.2408 
2302.965200 682 985880 133 00561 583 02449 
24 2.96567] 69298632] 14 3.00604] 593 02490 
25 2.966144] 70ſ2.98677 [153 00647] 60102531 
2862.966610 7102 98722 163.0689] 613 02572 
27 2.96708] 72ʃ2z 98767 17 3.00732 62 3.02613 
28 2.96755 [ 732.988 11 18 3.00774] 63302653 
29 2.96806 742.988 56 19 3.00817 [ - 64] 3.02694 
30 2.96848] 752.98 900 20 3.008600] 653 02735 
312 96895 762.9894521 3.0003 663.2776 
32 2.96942 77 2.98989] 22 3.00945 673 02816 
33 2.96988] 782 99034] 233 oo 988] 683 02857 
342.9703579 2.99078 243010300 69 3.02898 
35 [2 97081]|_80[2 993 25 7% _ 7013.02938 
36 [2.97128] 8112.99167|| 20[3.01115]| 71} 3.02979]. 
37 |2.97174|| 822992110 27]3.o1157]} 72[3.03019 
38]2.97220|| 8312 99255] 283.01199 ] 73/3 03060} 
392.97267 [ 84 3.99300 29 3.01242 7413-03100 
2 23 3 2834 825045 
41 2.97359] 3862.993880] 313 01326 7663 031811 
42 2.97409 72 99432] 3213 01368] 77303222 
432.9745 1[[ 882 994760 333014100 7803 03262 
44297497] 892.9952000 34 314 7913 03302 
4512975431] __ 90/2 99564|| 3510301404] 80[3.03342 
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10811]3.03383||1126]3.05154||1171|3.06856 1216 3.08493 
| $8213-03423 273.05 192] 72[3.00893 173.08529 
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111013 3.04179 463 05918] 9103.075910] 363 9202 
023.4218] 473059560 923 07028|] 37 3.09237 
IJ 33.042580 48305994 93 3 0%664 38 3.09272 
04 3.04297 493-6032 [ 943. 39 3.09307 
| _25 [3:24330||_$01 3.000701} _ 9513 077371} _ 4913 29342] 
6063.043760] 5 13.061080] g613 07773]] 41]3.09377| 
1 O7t3-044I15F] 52 3.06145 9 3.07809 423 9412 
08 3.04454 533 6183 9813 7846] 43309447 
og 3.04493 543 962211] 9913 78820 44309482 
. 1043.045320 55 3.06258 1 200 3079180] 453.9517 
1143.045710 5613.06299|[120113.07954}] 463.0953520 
1243.046100 5713 6333 23.0799 473 09587] 
13 3.046500 583.0637100 33.8027] 48 3.09621 
14 3.04689 5903 06408 043. 8063] 49 3.09656 
. 163.4727] 603.6446 3.8099 503.0059 1 
16 3.04766 61 3.06483 63 08135 511[3.09726 
17 3.04805 62 3.065210 o7j3 081710 5213.097600 
183.4844 63 3.06558 583.0820753 3 09795] 
19 3.4883 643 06595 93.8243 543.5983 
20 3.04922] 65 3.06633 10 308279 55 3.09864 
213 049610 6613.06670 | 11 3: 5314 5613 09899 
22 3 04999 6713 067% [123.8350 573.9934 
233.8038 68 3.06744 1343 08386 58 3.09968 
2443 50 693. % 143.8422 9 3.10 
25 35115 57 1 3 08458. 60 3. 10037 
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| A Table of Logarithms. 8 
N. Logar. | N. Logar. N. "Logar. | N.  Logar. ar. | 
1261 3.10072|| 1306] 3.11594] 1351] 3. 13000. 1396; 3-14489 

62 3.10106|| o7| 3.11628 523. 13098] 973.145 20 
63 3.101400 083 11661 5313-13130] 983.1451 
_ 64]3-10175]] 093.11694 541313162 99 3.14582 

65 | 340209]. 10[3 11727]| _ 5513-13194 (4% 3.14513 
66 3-10243|} 1113.117600 5613 1322 140113. 3.14644 | 
67 3.10278] 1213.117930] $7]3-13258|| 0213-14675] 
68 3.103120 1313.118260 581313290 3 3- 14700 
69 3-10346|| 1443.118600 59313322] 0413-14737 
270 3.103800 15] 3.11893]] 6013-13354} 0513 14768]. 

71]3-lOqt5 1013 11926] _ 6113 13386] 0613.14799 

72|3-10449}] 173 119590] 06213-13418} 0713 14829 

73 (3.10483 [183.1199] 63]3-13450|| 08| 314860 

24|3 10517]] 19312024] 6443 13481] og 3 148911 
2 e 2 21257 138131944255 
76310585 21 3. 120900] 663 13545] 113.14953 

773.1056190] 2213.121230 ©713-135771] 1213-14983 

7813.106530] 2303121560] 683 130091] 13315014 
793 10687 [ 243.12189 [ 69313640] 14315045 
803107210 253122220 7943-13672] 1513-15076 
813.1075 5 26] 3.122544] 7113-13704] 163.15 106 
82 3.10789] 27] 3.12287 213 137351] 1713-15137 

\ 83{3.10823]] 283.123 200⁰[ 73|3-13707]| 18]3-15168 
8443 10857|| - 29] 3 123530 7413 13799; 1913-15198 

85 | 3-108goſſ _3013 12385|| _7513 13939]|__ 2013-15229 

86 3.10924 313124180] 7613-13862|] 2103.152590 

87310958 323124500 7713 13593]] 2213-15290 
883 10992 333 12483]] 781 3-13925}] 2313-15320 

89|3-11025j| 34/3 12516;] 7913-13950]} 2413-15351} 

go 311959, 353125480] B80[3-13983]] 2513 15351] 

19143 11093} 3613-12581 8113-14019 263. 154121 

9213 11186 3713.126113 8213.140511 2205. 1246 

93 3.111600 38312646 8313 14082]] 283.1547; 
941311193 39 3.12678 84]3-14114]] 29 44 
25 3 1 4% 442834 

9613 11261 43.127434] 86]3-14170]] 3103.155644 

9713412940 4213-12775 $71 3.14208 3213.155944 

981311327 [ 433 12808}| 8813.14239]] 33 3.15625 

90 311360 44|3.12840,| 8943-14270|| 34315655 
E 4 
3013.114280 [ 46312905 91/3 143330 36 3.157151 
0231746 47329370 9243 14504;} 3713-15746 

©313 11494]] 48|3-12969,| 9313-14395; 3813-15770] 
©4 j 3-11528]] 49} 3 13001 9403 14426 3913.15 806 

5513 11561] 50 3.13033 9512-14437 | 4013 15836 
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. A Table of Logarithms. 
| N. | Logar. N. T | N. gar. M. | Logar. 
14411]3-15806[11486|3.17202 1531 3.18498 1576 3-19756 
| 4213-15397] 8713.17231]} 32318526 7713.19783 
4313.159270] 88 3.17260 333.185 54 78 3.19811 
443159370] 89317289 [ 343185830] 79 3.19838 
3.15987 [293173190 3503.585110 80 3.19866 
4603.160170 913173480 36 3.18639] 81 3.19893 
47 3.16047] 920317377 373.18667[ 82 3.19921 
4803. 16077 93/3. 17406][[ 383. 18696 83 3 19948 
4903 1010 9413-17435]| 39318724 8439976 
— 2＋ꝰ 25224 438255 | 3:20003 
1-51 3-16167]] 9613.17493]] 41]3.18780 86 | 3.20030 
5213-10197]] 97317522 4213.18808|| 87|3 20058 
$313-10227]] 9813.17551]] 43[3.18837]] 8813.2008; 
54316256 9913 17580] 44/3 18865]| 89|3.20112 
_$513-102861]1500|3 17609]] 45318893 90 3.20140 
963.163160[15013 176380 46[3.18921]| 913 20167 
$713 1034511 0213 17667 [ 4713.18949]| 92 3.20194 
58 3.163760] 033.17696[[ 48318977] 93 3.20222 
593.1406043. 17725 493. 9005 94 3.20249 
neee 20876 
6113 16465 [ 063 177831] 511319061 96 3 20 203033 
62 3.10495] 0713 178110 5203 19089 97 3 20330] 
633.1652 08317840] 5313 19117] 98 3.20358 
6413-16554] 9903 17869 [ 5413 1945 99 3.20385 
653 16584]] 103 17898 5513 19173|{|i600 3.20412 
6603.166130] 1113 17926j| 53.192010 16013 20439 
67 3.16643] 123.7955 57 3.19229 02 3 20466 
6813.166730 1313.17984j} 533 19257] 0313 20493 
69 3.16702 143.18013 593 19285 o4{3 20520 
7003.167320 15] 3 18041 | 00 3.19312 05 3.20548 
7113 16761 1613 18070 | 61 3 19340 063 20575 
72 21679 [173.1869962 3 19368] o7 | 3.20002 
7313-10820 2151 3.18127 633.1939600] 83 20629 
7413 16850 [ 193181560 6443.194244 09 3.20656 
25316879 [29318184 653.1945113 20683 
7613. 16909] 2113.18213 66 3.19479 113. 20710 
773.1609380] 2213 183470 6713.19507]| 12[3 20737 
7613 10967]} 23318270 6813 19535]]. 13]3.20763 
793 16997 24} 3.18299 69 3.19562 143 20790 
803 170260] . 25] 3.18327 __7013 19590] 15 3.20017 
$143.17056}| £26}3.18355 || 7143.19018)| 1613 20844 
8213 17085[ 27] 3.18354. 7213-19045] 1713.20371 
8313-17114]} 2803 18412} 7313.19673j| 194.3 20898 
. 8413-17143} 2913-18441 {\} 7443-19700|| 19] 3.20925 
8513-171731} 3013 184% 75613. = 203. 20982 
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1621 [3.20978] 1666] 3.22168]|171113.23325||1756]3.24452 
223. 21005[[ 6713.22194]| 1213-23350] 5713 24477 6 
2313-21032] 6683.222200 1313.23376|| 583 245020 i; 
24|3.21059]] 693222460 143 234010 5913 24527] | 
_25|3-21085]| _7013-22272]| 1513 234261] 6o\3.24551] | 
263 211120 713 22298]| 163 23452 561 3 3 2457 i 
2713-21139]] 72322324 1713.23477]] 62]3.24601| 
2813 21165]] 7313.22350]| 1813.23502]|] 633 24625 
| 2903.211921]  74|3.22370]] 19]3.23528]| 6413.24650|] 
_30|3-21219]] 7513-22401} 2013.23553]] 6513-24674 
„ 313.2124 7613 22427] 213 3 23578] 66 3.24699 
32 3.21272] 7713.224530] 223 23603] 67 3.24724 
33 3.21299] 78 3.22479] 23323629 683 24748 
343 21325][ 79|[3-22505]] 243 236544] 6912.24773 
2350321352 [ 83.225310 253.2365790 7013-24797 
3613.21378]] 8113.22557]] 26[3.23704|| 7]3.248224 
37 |3-21405]] 8213-22583]] 2713.23729]| 7213-24846 
38]3-21431]]| 833226080] 283 23754] 7313-24871 
39 3.21458] 843 22634] 2943.237800 74324895 
_49]3:21484|} __8513-22600}] 33.238525 324925 4 
| 41]3.21511]] 86|3.22686]] 31]3 23830|| 7613-24944] - i 
423 215371] 873227120 3213 23855] 7713-24909] _ 
4313 21504] 8813-22737]] 333 23880]] 7813-24993 N 
44 3-21590]} 893.2276030] 343 23905[ 7913-25018] if 
_—$220174] _9013:2275911 3513-23930} 2013 04th 1 
© 4613 21643}| 913228140 363.2305513 25066| ij 
47 3-21669]] 9g213.22840]] 373 239800 823 25091 1 
483 21696] 933 22866] 383 24005|] 8313 25'15 1 
49|3-21722]] 9443 22891 393 24030] 8413 25139 9 
50 3.217480 9513-22917]| 403.240 853254 I: 
513.21775 ][ 96 3.22943] 41]3.24080]] 8613:25188 | 
52 3.218010 g7|3.22968]] 423 24105]| 8713-25212 Þ 
53|3-21827]] 9813-22994] 43]3-24130]] 9813.25237| i 
54|3-21854]] 9913-23019]} 44/3 24155]] 893 25201 MW 
- 5513-21880][1700] 3 23045] 45|3 24180} 90325285 4 
5613.21g06[]1701]3.23070]| 46]3 24204|| 913.253 10 - 08 
ee 3.230960 47324229 [ 9213-25334| 
58321958 0313.231210 4813-24254 9313. 25358 1 
59 3.21985[[ 043 2347 49 3.24279] 9413-25352 4 
603 22011 05 3.23122 503 24304]. 95 3.240 . 
61322037 [63 23198 51324329] 9613 25431 1 
62 3.220603 [ 7 3.23223 5213-24353]] 9713-25455 9 
63 3-22089]| 08323249 5313 243788 9813-25479 1 
643 22115[ 993 252740] 54324403] 9913-25503 1 
65 3 22141 103. 23300 [ 551 3.24428 [1800 3. 25527] | 


376 A Table of Logerithms. 
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41801 |3-25551|]1846|3.26623]|1891| 3.27669 
| o2[3-25575]| 4713-20047|| 9213-27092 
03|3.25000]| 48|3.26670]] 93327715 
04 |3-25624|| 49 326094] 94327738 
| _05|3:25548]] _50[3:20717]| 9513-27701} 
632557 51|3-26741]] 95/3 27784 
07 |[3.25696]] 5213-26764] 97] 3.27807 
o8 [3 257200 533 20788]| 9g8[3.27830| 
09 3 25744|| 5413-20811]} 9913-27853 
10 3-25708 553 326834 1900 3 27875 
11]3.25792]| 5613. 3-20858 1901 | 3.27898 
12|3.25816]| 573 26881]] 02|3.27921 
13|3-25840]] 583.26905[[ 031]3-27944|| 
 14|3-25864]} /59|3-20928]] 0413-27907 
15 (3-2558821]__ 0013-20951 _ 2513-27999] _ £013. 29003 
16|3.25912}| 6113.26975]] 06|3.28012 N 3.29526 
173 259350] 6213-20998]] 73 28035 52 3.29048 
183 25960 6303.270210 083 28058 5313 29070 
19 3.259830 643 27045] 09 3.28081 543.29092 
20 | 3. 26007 65 3 3 27008 1013.28103]] 5c|2.20115 
663 27091]] 11]3.28120| 5013 29137| 
67 3.27114 1213 28149] 573.2915990 
23 3.25079 68:3. 27138 133281720 583 29181 
1 24 3-20102 69 3 27161 1 3.28194 $9 3-29203 | 
25 3.26126 2e 3.27184 153 28217 [ 60] 29226 
26 3.26150] 71327207 1603 28240 6 3.29248 
27 3.26174] 72 3 27231] 17 3.28252 62] 3.29270 
28 3.261980] 73 3.272540 1803.282850] 63] 3.29292 
209 3.262210 74 3.27277 19 3.28308] 643 29314 
eee 
313 26269] 76 3.27323] 23.283530] 63.293538 
32 3.26293 77 3.273460] 2213-28375 6-] 3 29380 
33 [3-26316]| 78 3 27370]| 2313 238398]} 68] 3 29403 
343 26340 79,3-27393]] 24|3-28121]} 6913 29425] 
35 (3 25364 80,3 27416] 25328443“. 7013 29447 
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363 26387 [ 8103.274300 2603.284660 71] 3.29459 
37 3.26411 82:3 27462 27 3.28488] 723.2949111 
J 38 3.26435 83 327485 283.2851100 73/3 29533] 
309 3.26458 55 3 27508 2913-28533]] 743.2057350 
| _40|3.26482]| B85 3.27531} 3013-28556) 751 3 29557] 
"41 3.26565 56 3 2755 33285780 7603 29579] 
42 3.26529 = 3 27577]| 3213 28601] 77] 3.29901 
88 3 27600]] 3313.286230] 78| 3 29623 
| 443 26576|| 89 3-27623]| 3413-28646]} 7913 29645 
Il 95 3 275461] — 
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. | Zogar. N. | Logar. N. | Logar. || N. } Logar. | 
1981 3.29688 2026] 3.30004] 2071 | 3.31618||2116]3.32552] 
8203.297100 2713-30085|| 72[3-31639]] 1713-32572 
_ 8313-29732]] 283.30707 ][ 73] 3-31660 1813.32593] 
8413-29754]} 2913-39728 74 3.31681 1913.326131 
_$513-297791} 3913-32750 j} A 63“ 
8013-29745]} 3113-39771} 7613-31723]] 21[3-32054 
87 3.29820] 3213-39792\] 7713-31744]] 2213-32075 
| 8813-29842]] 3313-30814\} 7813.31765|] 23332698 
8913-29303]} 3413-39835;] 7913-31785]| 24332715 
| 9013-29885]} 3513-30856; 8513-31806] 2513-32730 
| 9113-29907] 3643.358780 81]3.31827]| 2613-32756 
g9213-29929]] 3713-39899]} 8213-31845||. 2713-32777 
1 9313 29951]| 3813-30920fl 833·31869/[ 2803-32792 
| 9413-29973]] 39]3-39942]] 84]3-31599[|, 2913-32818] 
|_95 13299941} _ 4013-30993} _ 3513-31911 || _ 3013-32838 
96 |3-30016]] 41] 3.30934 803 31931]] 3113-32858] 
| 9713-39038 42] 3.31006 87 3.31952] 3213-32879 
9813 30000] 43331027 8813-31973]] 3313.328990 
99 3.30081[[ 4413-31043]] 89331994] 34332919 
2093.313432 9933183533294 
2001330125 [ 46ſ3.3 109 [ 913.32035[ 3613 32960 
02 3.30140/] 4703.311120 g2[3-32050]] 3713 32980 
033.3016080 483.3113300 9313-32077}| 383.3300 
54 |3-39199]] 493.3154 9443-32098] 39 3.33021 
eee 
063 302330 51]3-31197]] 9613-32139|| 4113-33062] 
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q._2913:39535 |} _ 6513-31492 1} 191 332422 11. 55 [3:33345 
1 2113-39557]| 6603.315130 1113-32449|| 5613-33305 
J 2213-30578|] 6713.31534]| 12[3-32469|| 573·333850 
233.3000 6813-31555] 1313-32490]| $5813-33405| 
24|3-30021]] 69 3-31576| 1413-32501 || 59 3.33425 
} 2513-39643] 7013-315971] 1513-32531 Le 


3.33445 


j \ 


P 


— 


— 


— 2 1 8 2 > — - — - — 
= * — * 5 = 8 2 =? — - # * 
— — — _ 7 — N — * 8 — PR — 4 a — — 217 4244 @ —_— des — 4 — 4 e — — 9 — * 2 — > 
— 4 3 2 SY . Be _ — — 1 2 r — 1 — — — — 82 —— 2 — = ID 2 4 — be — — . 1 * - - % — * — * Mom" 2 — 4 — Aan „ PY * — — — — > — 
n 3 * ow Ys 4 bs EN eee; — 1 . 1 5 5 3 99 8a rob ng, ne. as - —_ _ ee Cs a E a ects. ah * 4 : — * EL — => — - 
3 —_—_ TOO I 2 2 * * " — — r — r — —— 12 4] - 8 ADP. * A * — - — . 4 — —ͤ—ͤ— — — — 3 = — we - — — — r 
* *. 3 © God mY a - 5 —— 2 $ & . : N 4 2 - — r 2x 2 . — 
33 r B  — — —— —— — Wn = 


. 3 -_ 

— IJ — — 

— «De 2 > : — 2 . — — os Se "F< I 22 — 8 — W.. . . 
5 1 ts. meg IO — — —_— * * oy It a= 2 x 2 RT "> —— D DN rr 22 = — — —— ne — * — ENG 
— 2 — 4 1 _ 2 = — —— p \ ” — „ —_ {gc 4 = — * — _ 2 * 2 2 * 

ous ee - =. 3 +; 8 2 - — 2 267 v6 9 3 — 6 — oe * >” ah 


— _ 


_ 
7 
( | 
1 4 
At 4 
o „ P / 
\ 
\ | 
* N 
{4 
0 Mm 
1 
+, * | 
* $1 
0 *% 
| 4 
JS / 
4 
4 I 
15 4 
if * 
W 0 
1 q 1 
Ul mT as F 
4 l 3 
14 114 l 
" 493} &Þ 
[3 14. VR 
191 
2 
4 i 
? 
1 
N 
1 f 
1 
U. 
* 
nu 
: 
* 
"W 
\ I 
3 if 
1 
1 
40 
30 4 
(4M; 
F 4 
* 11 
. 
14 
4: 
0 
1. 
. 
14 
. 
4. 
ir H 
"1 
k 5 i i 
1 
4 | 
3 
i : 
FE 
1 3%< 
17 5 
* » 
1 
6 
4] 3 
a 
4? | 
. 
N 
8 * 
þ4 4 
WW 
or al 
. 
wy 
. 
114 
1 
1 
6 
1 
PÞ: 
F x 
1 
* \ 
9 
* 
1 
19 
yo 
14 
Y i 
- - 
1 
' 
0 
+ 
[1 9 
4 bt 
10 
N 
4 14 
* 
1 
"RT 
"8 
CY 
* 
+ 
mM 
+ 
, 1 
A 
ZE 
" 
'Þ 
1 
99 
9 i T 
5 
1 
4 
. * 
1 3s 
if ar 
& & 
+ 
11 
f 
* 
' 
* 
0 
4 
Ma 
Py þ4 
4 ; 
* 
v4 
4 
' 
[| 
Th 4 
1 
* 
as 
wy 
£4 
1 
160 
FI x 
N 
* 


== 2 © +: Sa Sn or ws 


S 
8 SIO" 2 


N 74 3 33726 


. 
2544 


3.34064 
3.34084 
3-34104 
3 34124 
234145 
334163 


3.341830 
3 34203 
3-34223|| 
3 34242} 
3.34202 
13 34282] 
3 34301 || 


3 34321 


2—— 


A 


| N. 
22063. 
07 


08 


10 
11 


2 


13 
41 
> 
16 
17 
18 
19 


20 


2112 


22 


23 


09 3.1 


3 34439 


3.34459 
3 34479 
3 34495 


241 3. 


26 
26 


27 


29 


30 
31 


3 34341} 


334753 


3.34792 
3 34811 
3 34830 
3 34850 
3 34809 
3 34889 
3 34905 
3 34925 
3-34947 
3-34907 


3.35005 


3.35065 
4.35102 
3-35141 
3 35160 


3-35180 
3 35199 


3: 34518 | 
334837 


3.34733 


334772 


| = 
3. 3.35 238 | 


3.35257 
3.35276 


3.35295 
3.35315 


3.35334 


3.35353 


3.35372 
3-35392|| 
3-35411}| 
3 35430 

3-35449 
3-35408 
3.35458 


_65]3:35507 
. 


3.35 545 
3.35564 


3.35583 


335505 
3. 3-35022 


7213 35641] 


3.356600 


743. 35679 
[3 35598 


3 35717 
3 35736 
3-35755]| 
3.35774 


| 3:35/95 


3.34989 


3.35044 
3.350830 
3.35¹—e7 


3.35813 
3.35832 
335851 
3.35870 
3 35299 
3-35908 
3.35927 
3.35946 
3.35905 
35984 
3 36003 
3.36021 


21 3.36040] 


3-30059 


9 5 39078 


4, ger a ont or — 
£ 
Lg — 


＋ 7 2 3 SY ned. 
3 32 Me ie 
— — » 
— . 
- — 


— — rr x 


r 


1 
2 * 
1 
19 
1 
| 
| 
. 
[; 
* " 1 
. N 3k 
WE 
4 


$01 3-35218 


379 


I Logar. 


3-39375] 
3-39393 
3.39410 
3.39428 
32445 
3 39403 
3.39480 
3.39498 
3.39515 
513385333 


— — 
— ——ũ—ͤõ—t⁊ 2 — — 
EY 7 


* 


95 3.39707 


+ | 
1 a 6 
3 n 
* 

. 


91 3:39774] 
J713:39741]. 
3.39759 
9 13·39777 
3.39794 


3.40019 
3.400374 
4584 
3.40071} 
3.40083 | 
3.40106 
3.40123 


3.40140 


——— — > — — ꝶꝛ ] —˙ 
— — — — = — - — 
— nt — 25 


— 
— © vm — —— — 5 — — — _ 
8 — — — — 3 
r nib 7” © ir OP > oo. — — — 
4 . — 7 


. vs 
F 


— 


— = . — — — . — 
— — —— — — 2 - 


2 3 > be; 
*. 2 I w - 
2 8 
* — 


— — == — - 5 . — — 3 — 2 2225 - 
— — » — — * * 
— C < Ie WA 2 — — 2 2 * 
— — cn 
_—— —— — 


— 


= 123 — . — — * . \ 
— => — — ed — — my — — — » = =. = = \ = — N 2 — N 
— 2 — — T_T — — = * — — WE oa —_ — = . —— Ces £74 8888 — 5 OLA — 
—— ñ rd n - 3 © * — * * , — — on — > 4 — 4 _ — — nws; — 2 23 = — 
— — — r _ x * Fo — <0 — — — I; — - r IN by . * 2 3 2 —— _— — or 
2 * — _e — = _—_— = — 3 - # — 
= K 3 


1 
8 "4 
1 
94 

* 
by | 

19 

1 

8 

v *M 
: 1 
: i - 
* 


A4 Table of Logarithms. 


LN | Lager. e. 
25213-40157 25663. 4092602611 3.4168 10]2656 3.42423 
22 3.40175][[ 67 3.409430 12341697 5713 42439 
23 3.40192]] 683.4096 13341714 583 4245 
24 3 40204] 693 409700 1403417310 5913 4242 
25 34220 2,3492342 _6013.42485 
263 40243] 7103 40100] 163 47764] 0113 42504 
27 3.40201 72134 027 17|3.41780|| 62342521 
28 3 40278] 7313 41044][ 183.4797 0313 42537 
29 3-40295]| 74|3-41061]| 19341814 0413-42553] 
303 403120 253-4578 _20|3-41830|| 0513-42570 
311 3-40329)| 7613 41095 [ 23 41847 [ 56ſ3.42586 
323.4034600] 7713-411 22 3 4.863] 6713-42002 
331 3.40364]] 7813.411280 23 3 418800] 683 42619 
343 40381]| 7913-41145]] 243 418960 6913-42035] 
_35|3 40398]| 8013-41162] 2513-41913] 7213-42051 | 
| 3613-409415]| 8113-41179] 2013 419291] 7! 3.42667 
3713-40432] 82 3 41190 273.4946 72 | 3.42084 | 
381 3.40449|| 8313 4'212]| 2813419031} 7313-42700] 
30 3.404660] 84|3 41229]] 293.497 7413-42710 
13 494831} 851 3:41246|| 3013 41999] 7513-42732]. 
411 3.40500] 8613.412630] 313 42012 7613.427494 
423 405180[ 873.4280] 323 420291] 7713-42705 
433 40535] 883.4296] 333 42045([ 7813-42781 
443.4052] 893.4713130 343 420021] 7913-42797 
— 5 24992934229 _35] 3:42078||_ 8013-42513] 
46|3 40586\| 9113-41347] 35|3-42995]| 8113-42530 
47| 3.40603] 923 41364] 3713 42111] 8213 42846] 
483 40620] 933 41380 3803.421270] 83 3 42862 
40 3 40637 ][ 943 473970 393 4244 84342875 
| _50| 3.445 3.4 Ae ee 
51 | 3.40071 96] 3-41430]| 41]3-42177| 86|3-42911 
52 3 40688]| 9713-41447]] 4213 42193]| 8713-42927 
53| 3.40705 9813-41404|| 43] 3-42210 8813.42943 
$41 3.40722|| 993 44810 44/3 422260] 3913 42959] 
473925 | 3:414971|__45 eee 
56 3.40756|| 26013-41514] 4613-42259]| 9113-42990] 
57 3.40773][ 023415310 4713 422751} 22 3.43008 
58 3 40790] 0313 41547]] 4813422921] 9313-43924 
59 3.40807 04 | 3-41564|] 49] 3-42309 94 | 3-43949 | 
60| 3 40824| 5 3.415811] _ 5013 42325||_ 95 24300 
"6: | 3.40841]| 06|3 41597]] 5113-42341} 9613 43077 
62 3.408 680 o7|3-41614]] 5213-42357|| 973488 
63 3.40825)| 63476370 333 42374 58343704 
64] 3 40892] 093 41647]| 5413-42399] 9913-43120} 
| 651 3 40909 10| 3.41664 5513-42401 2700 3.43136 


A Table of Logarithms. 381 
VV. Logar. [ N. Logar. | N. | Logar. N. | Logar 
270113-4315211274013-438701|279113.44570[|2836| 3.45271 — 
02 3.43169] 473438860 92344592 37345286 | 
0313-43185 48 3.43902 931 3-44007]| 383.45 301 ; J 
04|3-43201}} 49343917 [ 9434423] 3913-45317 
— 34. — 83432 _ 951 3:44038 || _40| 3.45332 
0613-43233ſ] $113-43949|} 9613-44054]] 4113-45347] 
0713-43249]] 52 3.43905 9713-44469] 42] 3.45302] 
081 3.432651] 5313-43981 |} . 9813-44685 [ 43] 3-45378] 
| 0913-432911} 5413-43990} 9913-44700] 44] 345393] 
1013 43297 || _55| 3:449121| 28001 3-44716]] 451 3.45408] 
1113.433130] 5013-449281|2801]3-44731]| 46] 3.45423 
1213-43329]| 57344044] 0213 44747] 47] 3-45439] 
1313-43345]| 5313 44959]] 0313-44702]| 48] 345454 
1413-43301}] 5913-44075j| 0413-44778] 49] 3-45469 
_31513:43377 [| 0913-44291} _ 0513:447931|__52} 345484 
163.4339 6113.44107 06 3.44809 | 51] 3.45500| 
173 434991] 0213-44122]} 0713 44824 52345515 N 
18 3.43425 [ 6313-44138]] 83.4484 5313-45530 ; 
1913 434411] 0413-44154]] 0913-44855] 5413-45545] 9 
eee ||__ 55 | 3-45501 | 
2113:-43473j] 66513-44185]] 1113-44886] 50|3.45570| 3 
_ 2213-434%g]] 6713-44201]} 1213-44902] 5713-45591] | 
23 3.43505][ 6813-44217]} 13344917 58] 3.45606 i 
2413:43521]| 6913-44232[| 14][3-44932[| 59] 3.45621 { 
_£5]3:43537}} _ 7013-14248 4% 00 | 345037 1 
2613-43553]| 7113-44264] 1613.44963]| 61] 345652 1 
2713 43569 7213-44279]| 1713-44979]| 6213-45667 1 
2803.435840] 733.44295([ 18 3.44994] 63345682 60 
2913 43600 74[3-44311]] 193.45 6413 45697 [| 
_3013:43616]} _ 7513-4432011__2013 45025105 [3:45712 | 
3113-43632]] 7013-44342]} 2113-45040]| 66]3.45728 [ 
3213 436048]} 7713 44358]} 223450560 06713-45743 ö 
i 3313-43004|| 7813-44373]} 2303.450710 0813-45758 | 
34 | 3.43680} 7913-44389]} 243.4508606] 0913-45773 4 
3512435901] __ $013 4442411. 2513-45021} 2913-45722 | 
3013-43712] 8113-44429]| 2013-45117]; 7113-45503 i 
5713-43727] 8213-44430j 27345133 723 45818 1 
3813437431] , 83] 3-44451}] 283.45 1480 733-4834 4 
 3913-43759]] 8413-44407]] 2913-451031] 7413-45349 | 
[_42[ 343775} _8513-44483]} _ 30[3-451791} 7513-45504 | 
4113 43791]} $613-44498]] 3113-45194] 7013-45879 
| 423 43807]] 8713-44514]| 3213-45209]| 7713-45994 | 
431 3-43323)} $813-44529]| 3313-45225)| 7813-45909]. \ 
| 441 3-43838]] 8913-44545]} 3413-45249]} 7913-45924] Wl 
4513.438540 9013 4460] 35 3.452550 80 3.459390 1 


8 on : , | 1 
C C | if 
1 


A Table of Logarithms, 


3-47929 


382 
N. Logar. | N. | Lagar. N. Logar. N. | Logar. | 

288 13.45954/29263.46627 [297103 47290||301613.47943 
82 3.45969 [ 27346642] 720347305 1713-47958 
8313.459840] 283.4665) 7334739 [ 1813-47972 
843. 450 29 3.46672 7403-47334] 19347986 
285 3458 33488724342 [48991 
86 3.46030 313.46702 ] 76347363] 210348015 
8713-46045]; 3203.407160 7713-47378|| 2213-48029 
883.46 3313-46731]} 7813-47392|| 2313-48044 
89|3-46075]| 3413-49746]] 7913-47407]| 2413-48058 

224953 2428 8013:474221| _ 2513 48073 

91 3.46105] 363.4677600] 8103.474360 2613-48087 
92 3.46120 37 3.40% 82]3-47451|| 2713-48101 
93 3.46135 [ 3803 45805 [ 833-4745 [ 2813-48116 
94 3.46150 39 3.46820 8403.474800 293.48 130 

_95[3-46165 || _ 49] 3:49835}} _ (44424 _ 3913 48144 
96 [3.46180|| 41]3-40850|] 8613.47509|} 31][3-48159 

_ 9713-46195]| 4234864 8713-47524|| 3213-48173 

| 9813.46210]| 43]3-40379]] 8813.47538|} 3313-48187 

' 9913-46225]] 44|3-40894]| 8913-47553|| 343-4$202 
2900 [3-46240|| 42482999 34252 3513-48210 
2901 |3-40255]| 46]3-40923]] 9113-47582[| 3613 45230 

02 3.46270 4713-40938]] 9213 47590|| 3743-49244 

03 3.46285 48 3.46953 9313-47011 38 3.48259 
o 3.46300 4903-40967 94347625 3913-48273 

— 3431 242534704 4% 
06 3.463 305 13.46997 ] 9613-47654|| 4113-48302 
07 3.46345 5213-47012] 97347669 ][ 4213 48316 
08 3.46360 530347026 98 3.47683 4313-48330 

og 3.46374] 543˙＋⁰7ỹ 41 99 3.47698 4413-48344 

1— 3.46389 478562947 _45[3:48359 
11 3.46404 53.470 3001 3.47727 46348373 
12 3.46419] 5713 47085 02347741 4713 48337 
13 3.46434 583.47 100 0313-47750|| 483.48402 
14 3.46449 593.4715 43.477 70 4913-48416 

3244 — 2424244 
1603.464790 6113-47144]| 6ſ/3.47799 ] 5113-48444 
1713-46494 || 6213-47159] % 3.47813 52348458 
18 3.46509 6303.471730 3.47828 5313 48473 

| 1913-49523]] 0413 47188] 09] 3.47842|| 5413-48487 
2013-46538} 6513-47202 1013-47857 1} _ 55 13:45507 
21 3.405 53 6613-47217]| 1113-47871] 5613-48515 

22 3.46568] 67 3.47232 1213 47886|| 5713-48530 

233.4658368 3.47246 133.4790 58 3.48544 
24 3.46598 69 3.472610 143.47914 59348558 
25 3.46613 % 7013-47276 bo 


142572 


A Table of Logarithms. 


Logar. 7 F Laar. | N. | Logar. [] N, Logar. - 
3061 | 3.485863 106 3.40220 315 13.49845 [3 1963.504614 
62 3.48001 3.49234 5213.490859] 9713-50474] 2 
63 3.48615 [0583.492480] 5313-49872]] 9813-50488} | 
| 6413-48602g|] 0913.49262]] 5413-49886]] 9913 50501 | 
_6513:45043}}_1013 49276]| 5513 49900[[320013-50515 
- 6613.48657]} 11]3.49290]| 5613-49914 [3201 3.5929 
6713-48671] 1213.49304]} 5713-49927]} 0213-50542 
681 3-48086]| 1313 49318]} 5812.49941]} 0313-50556 
693.4870 1413.49332]} 5913-49955]} 0413-50569 
213248244234 _ 0913-49969] _0513 50583 ] 
| 71] 3.48728 16]3.49360 6113.49982]} 63.505964 =. } 
72348742 [ 171349374] ©213-49996f] 0713-59610] 
73] 3-48756|| 18]3.49388]] 63]3-50oto]} 08]3.50623} 
| 7413 48% 193 494021} 64]3.50024]] 0913 50637] 
28 15:29755 1]. 221 3:49415 1] 251350037 14291250651 
| 7913 48799 21]3-49429]} 6613.50051]} 1113.50664 | 
7713.488130 2213-49443 6713.500565 1213.50678] 
783.4882723 3.49457] ©813.50079]} 13 3.50601 
793 48841 24 3.49471] ©0913-50092]} 14|3.50705 
FF! 701g enty 1519-50718; 
8113.48309]] 2613-49499 7113-50120! 1013-50732 5 
| $2]3-43883]] 27 3.49513] 7213-59133]] 173-57 
| $313-48897]| 28349527] 733.5047] 1813-50759 
| $3413-48911]} 291 3-49541j} 7413-50161]} 193.502 
|_—285]3-48926}] _ 321 3:49554|| _7513 50174] 2013-50786 
36 3.48940 313.4568 7613.50188]} 2113.50799]. 
| $71]3-48954]] 323 49582] 773 5Oοỹ 2213.50813 
883 48968 33349596 78 3.50215] 2313.508264 
89 3.48982] 343 496100 7913-5022g9}} 2413.50840| 
293.4899635 349524 L 8013-50243] 253.50853 
9713 4900 36ſ3.496388][ 813.5025 2561] 26 3.30866 
92 3.49024] 37] 3-49651|} $213.50270[] 273. 50880 
| 93]3-49038\] 38] 3-49665]] 8313 50284] 2813.50893 i 
94|3 49052j| 39{ 3-49679j] 8413-50297]} 293.509 
25 3.49066 40] 3.49093 8513-50311 303. 50920 
3.49707 8613.50325]| 313509344 | 
97 3.49094 421 3-49721j] 8713-50338]] 3213.50947 
9803.491080] 4313-49734} 88]3-50352]] 33 3.50961 
993-49 122 443.4748] 8913-50365]] 343.5074 
243 _ 45] 4X7 7% (282 
3101 3.491500 46349776 9143 50293] 36 15285 
02 3.49164]] 473 49790] 923.5040 3713.810144 
333 491780] 48 3.49803] 93[3-50420]] 38351028 
e 67 9413-59433 2905104. 
| og 3.4026] gol 3.8311 9513.504471 4013.510355 
8 Cc2 


vw 


* - 2 * 
= DD — rn — — 4 ao _ - F, 


. 
N 

wo 

| * 

O 
S 
O 

+> 


1 
O 
GI 


AT able of " Logarithms. 


3-51135 
3-51148 


3.51162 


3.51175 

3.51188 
3.5 1202 
3.51215 
3-51228 
3.51242 
3-51255 


3.51268 


3.51282 


3.5 12950 


3.5 1308 
3 51322 


3:3 1535 | 


3.51402 | 


3.31415 
3.51428 
3.51441 
3.51455 


3.51468 
3.51481 


3.81495 
3.51508 
3-51521 


3.51534 


3.515480 


3.51561 
351574 
3.51587 
3.5 1601 


3.51614 


3.5 1627 


2 


3286 


87 
88 
89 
90 


3.5 1640 


Tear. 
3.51657 


3.51680 


3.51693 


3.5 1706 


3.5 1720 
3.51733 


3.51740 


351759 


3.517720. 
3-51786 


3.517990 


352179 


3-52192 
3.52209 
3.52218 
3.52231 


| 


XN. | Logar. Logar. 
3331352257376 3.5284 
e 77 3.52853 

3335522844] 783.5286600 
343.5229] 793.52879 
— 3231008328922 
3603.523230] $11 3-52905 
3713-52330} 823252917 
3813.52349j] $3]3-52930| 
2913-52302]Þ $413-52943] - 
_4913-52375}]__$51 3-52950| 
4113.523888 86 3.52969 
42 3524010 87 3.52982 
433 5241441} 88352994 
44 1. 893 53007 
£4515 -3244011__ 99 353020 
463.52453][ 9113-53033 
473.5246 92 3.53046 
483 524790 9313-53058} 
49 3.524920] 9413-53971 
1328942. 
51]3-52517]| 953 53097 
52 3.525300[ 973. $209! 
5343.525430 9913-53122 | 
5413-52556}] 9913-53135 
-55[3-52509[3400|3:53148| 
5613.52582]j3401] 3.53101 
5713-52595{]] 0©2{3-53173 
5813 52608] 03 La ties 
59 3.526210 0413 53199}. 
_6013.520344]_ 0513 53212 
61 3:5 2047 05 3.5 3.53224 
62 3.52660 97 13-5323 7 
6413 52673] 08 3.53250 
643.5268%/% 09 3.53263 
65 352599 10/333275 
66|3.52711]| 1103.532880 
673 52724] 12 3.533011“ 
6803 52737] 1313-53314] 
69 3•5275% 1413-53320] 
— 9 282753 33329 
7143 527760 10] 3.53352 
723 52789] 17353365 
7313.528020 18353377 
743.52815 9 3.55795 
7513.528271] 20 


8513.516541! 


3 52244. 


3 


j 


A Table of Logarithms. 35 Þ 


N. 1. ger. NV. Lag ar 


— 


1 TTT 
3421 3.53415 [1349013-53983|1351113-54543 17580.55095 
2213-53425 [67 3.53995 1213 545550] 5713-55108] 


23 3.53441 [683 54008 133 545680 583.55 1216 | 
| 3-53453 [ 0913-54020] 1443-54580] 5913-55133 
| 2513-53466 || 7913-54033j] 1515-54593}| 6013-55145 
2613-33479 || 7:3 540451} 1613 546051] 6113.55157 | 
7 3.53491] 7213-54058 1713.546170] 623.5569 


| | 23j3-535041] 7313 54% 1813 54630\| 6313-55182 
; 2913 535317] 7413-54983]| 1913 54642 [ 6413-55194 
E 
| 311353542 703 54108 2113 54667 663.5528 
3243.535550 7713-54120{| 22ʃ3.54679 O713.55250 
33 3.53557 [ 783.54330[ 2313-54695j| 683.5524 
| 34]3-535%0 || 79]3-54145]] 243 54704] 0 355255 
Vu 2512 5491011 _2215.5500) 
36 [3-53005 I] 813 54770 2013 547280 713.582 
37 [3-53018]] 8213 54133 2713-54741)| 7213-55291 
3813-53031 |} 8313.54:95]| 2813 547530 7343-55303 
1 3913-53043]} 84]3-54208{} 2913. 54765]} 7413-5531" 
_42 [3 53950 I} 2513-54220} _3913:54777}_ 7513-5532: Þ 
| 41 3.53008 ||] 8613,54233 3113-54790] 70 3-55340] 


| 4213-53681} 87 3 54245 3213 548021] 7713-5535] 
| 40 -} 5 54258 3313 548140 78 355304 
44 3.53706[ 893.5470 3413-54827]] 7913-5537] 
33294283 _35 [3 548391} _ 3913-5538! 
4643.583732 [ 91Þ3-54295]} 39[3-54851]} 813.5540 
47 3.53744 923.4307 37354864] 8213-55413] 
483.53757 [ 9313 543200 3843.548760] 83 3.85425 
Os 69 9443.34332[ 393 548880 84.3.5543 
|_5213-53782 |} - 9513 54343||__4913-54900]}__ 5513-55449] 
| 5113-53795] 96[3-54357j| 43.549130] 9613-55461] 
| $5213-53807]| 9713-54370|| 42[3-54925|| $713-55473Þ 
| 5313-53820] 9813.54382|| 433 54937]] 883.55485 
443.5383 2 [ 9913 54394]| 443 54049 $913-55497 
— 3838454 (989 [23-89 
563 53857 [| 35913-54419] 4% 54% 9113-55522 
5713-53870] 0213 544320 4713 549860 9213-55534] 
354444] 4813 54998]] 9313-55540 
59 3.538958 [ 0413 5445 493550110 9413-55558]. 
|_£913-53908 || _0513 54469||__5913 550231] __ 9513-55570 
| 61]3.53920 || ©613.54481j] $113 550350 9013-55582 
62 3.33933 [ 9713-54494|] 5213-55947]] 9713-55594 
6313-53945 ||. 83.5450 53]3-550601] 9813.55000 
| 0413-53958 || 0913-54518 5413-55972]} 9903.556180 
| 6513-53970 5513 55084113600) 3.55630 


+ 
QI 
wy 
A 
Va 
0 
oO 


+ 
\O 
2 
2 
QI 
— 
\O 
os) 
mY 


ou 
— 
OI 
2 
1 
a 
— | 
\O 
"1 
\O 
O 


Wal 
O00 
VI 
Wl 
wad 
0 
0 
VI 
O 
WI 


— 
O 
1 
2 
+> 
1 
=O) 
— 


386 


AT able of Logarithms. 


N. I Logar. |} N. | Logar. I] N. | Logar. IN. Logar. | 
1360 3.55642 36463.5618236913.56714 3736 3.57241 
o23.35654// 473.5694] 92356720 3713-57252 
03 3.55656] 48|3-50205]| 93 3-56738]| 3813-57204 
04 3.556780] 49[3-50217]] 9413-56750]} 3913-57276} 
__o5|3-55691]}__59|3-502291| 95 222432287 
06 3-55793]| 53.562410 963.5867730] 4113-57299 
573557560 523.8562530 973·56785[[ 4213-57310 
08355727] 5313.562650] 98356797] 43357322 
| 0913-55739]] 54356277 [ 99[3-59805]| 441 3-57334 
1013-55751 || 5513-56289} 37003-50820] 451 3:57345 
11|3-557630} 5013-50301 [|3701[3-50832]| 40] 3.57357 
12 3.557750[ 5373-863130] 0213 59844} 47] 357368 
1313-35787] 3803.563240 033.5585560 481 3.57380 
14|3-55799]| 59[3-59336]] 0413-50807] 491 3-57392 
21513-55811 || _ 6013-56348}] 0513-50879] 2243 
' 161 3-55823]} 6113.50360]} 063.5689 10 5113-57415 
1713-55835]] 6203.563720 0713 56992 5213-57420 
18]3.55847]] 6313-50384 || 083.5694 53387438 
193558590] 643.5696] 93.569260 5413-57449 
2o[3-55874|| _6513-56407|| _ 1013-56937 || 5513 57491 | 
21355882] 66]3.56419]] 1113-50949] 5913-57475 
22|3-55895]]} 6713-56431]} 12 3.569610 5713 57484 
231 3-55907]| 68]3.56443]] 13 3.56972] 5813-57490 
24\3-55919]| 6913-59455] 14356984 5357507 
_ 2513-55931} _70[3:56467|| 1513 50991} 601 3:57519] 
—2013-55943]| 7113-56478]} 1613 570081] 6143.575300 
27\3-55955]| 7203.564900 173.579 0213-57542 
28|3-55967]} 733.5650218 3.570310 0313 57553 
2913 559791] 74356514 1913-57043]] 64357565 
3013-55991]| _7513-56526|| _2013 57054|}_ 05 13:57577 | 
- 31 |3-56003]} 7913-50538 21] 3.57066]] 66 
- 32[3-56015]] 7713 565490 223570780 7 
33|3-56026]| 78[3.56561]} 23357089 % 
34|3-56038]] 7913-50573]Þ 2413-57701 
r 
36356062] 81356597 2013-57124] 
37 3.56074]][ 8253-50608] 27 3.571360 
38 3.56086]| 83] 3.566200[ 283.5714800 
39 3.55098]] 841 3-50632]} 293571590 
40 3.561100 - 851 3.500441} 3013-5717! 
- 41|3-50122 863 56656|} 3113-57183 
423 56134]] 873-5667] 3213-57194 
43 3.56146] 883.5679 3313-57200 
44|3-56158]] 893.5669160 34357217 
453.5617 9e 3 56%] 3513-57229 


5 


- 2 


A Table of Legarithms. 387 
I Logar. N. Logar. | . | Logar. | Ne N Logar. 
3781|3-57701|| 3826] 3. 582751138711 3-58782 3915 3. 59284 
| 8213-57772]| 27]3-58230]| 7203.587906 17 3.59295 
8313-57784j| 28358297 [ 7313-58805 183.59306. 
84357795 [ 29358309 74358816 1913.59318 
28733-8832 25338827 20 3.89329 
_ 8613-57818] 313583310 763.5898380 2113-59340] 
87 3.57830 [ 3203.583430] 77[3-58850!| 2203. 39385 
883.5784[[ 333·58354[ 7813-58861 || 2313-59362] 
8913-57852} 34 3- 503 650] 7913-58872{\| 2413-59373 
—9913:57894}[__3513:59377 || _ 8013-58883 || 2513-59384] . 
"9113-57875)| 3513-58388] 8113-58894 || 2613-59395 
 9213-57887i} 3713-59399}]} 8243-58906 || 2743-59406] 
9313-57898|| 3813-58411} 83[3-5%17;| 2813-59417} 
9413-57910} 3913-55422i1 8415-58928j| 2913-59428} 
_9513:57921 || _4913-58433}} _ 8513-58939 ;| 3013-59439] 
9603.579330 4113-58444} 85 3 38950 3113-59450] 
9713-57944] 4213-52456] 8713-58901 || 3213-59401 
98 3.57956 43] 3-58407|1 883.58973 3313-59472] 
9913-57907] 4413-58475 j] 8913-58984 {i 3413-59483 
380013-57978|| _ 4513-58490] _ 9013-53995 [|__ 3513-59494] 
3891 |3-5799oſ} 463.5850 g1[3.59006|| 3613-59506] 
j 0213-58001]| 4703-585120 9213-59017 || ' 3713-59517 
0303.580130 4813-58524} 93][3-59028|| 3813-59528 
0413-58024]] 4913-58535]] 9413-59949|] 3913-59539] 
51358035} _50[3-53546]} 9513-59951 ||_ 4913-59550] 
—0613-58047]] 51]3-58557]] 9513-59062}| 41]3-59561 
07 3·580580] 5213-53509} 9713-59073|| 4213-59572 
08 3.58000 53358580] 98359084 4313-59593 
093. 1 543.5859 [[ 9913-59295 || 4413-59594 
_10[3-58093]} _ 5513-58002 || 390013-59106||_ 4513-59995 
1113-58104]} 56[3.58614|]3901[3.59118|| 46[3.59616 
123581180 5713-58025]] 023.5929 4713-59027 
13j3-58127]} 5813.586360 0303.591400 48 3.59638 
1403.581380 59358647 [ 043.5915810 4913-59049 
eee 
16358161 673.58670[ 66 3.591730 5113-59671 
1713.581720] 623.5868 1[[ 0713.591840] 523.59682 
1803.581840 63358692 [ 083.5995 53]3-59093 
193.58 95] 64 3.58704] 093.5920 [ 54359704 
20[3-58206]} 653.8715“. 103.5228 55[3-59715 
21 3.58278 6563.587260] 1113.592290] 56 3.59726 
2213-58229]] 67 3.58737([ 1203.592400 5713-59737 
2313-58240} 683.5874 [ 1313-59251|| 5813-59748 
2413-58252]] 69| 3.58700 14] 3.59202 || 5913-59759 
2513-58263] _ 7013-58771] 1513.59273 6013-59770) 


. 
4 
* 
N 
; 


4 Table of Logarithms. 


n — 5 —— —— - = == = 27292 — — —— 
— — — — — ER —— = — Os = out = : = 
4 5 _ HCI — — — —— - A — 
2 —— — — * — — aw" 5 = — 8 2 
ä = — — — - — — — — r 2 — — 
— 3 — ah - 2 DOT Ws - — 1 2 2 
— — — — IP - = — — — 
— e eee rer . * 
= - — ws 


N. Logar. N. 2. Logar. N. Logar. | 
3901 3.59780 4006| 3.60271 40511 3.60750 
6213.59791]| 0713.60282]] 52] 3.60767 
031]3.59802|| 08]3.60293 53 3.00778 
6413.59813]| 09]3.60304|| 54] 3.60788 
2 3. 3.59824 1222 3.60314 2D 3.60799 
661 3.59835] 113503250 563.5881 
_ 67134598461} 1213.60336]] 5713.60821 
6813.59857]| 1313-60347]] 5813.60831 
69] 3. 59309 14[3.60358 59] 3.60?42 
_7213:59879||__1513-60309}| _ 601 3.60853 
71] 3.59890] 16]3.60379]] 61]3.60863 
72] 3.59901 17] 3.60390] 62]3.60874 
733.599 12] 18]3.60401]] 65313.60885 
7413-59923] 19] 3.60412]] 64|3.60895 
e | 05] 3:60006 
701 3-59945]] 21]3.60433}} 66{2.6c917 
7713-59950] 2213-60444} 6713.60927 
78 3.59966] 23] 3.604551] 6812.60938 
" 7913-59977]| 24]3.60466}] 69{3.60949 
80 3.59988 2513-00477] 791 3.60939 
81 3.59999 26ſ3.50487 7113-60970 
823.600 100] 273. 50498] 72 3.60981 
83 3.60021 283. Coo 733.6099! 
84 3.600321] 2913.605200] 743.61002 
85 3.60043 3913.60531]} 253.6013 
86 3.600544] 31]3.60541]] 70ʃ3.61023 
87| 3.60065|| 3213.605520 7743 61034 
88] 3.00076 33|3.00503 7813.61045 
893. 60860] 3413.00574]] 7913.61055 
90] 3.60097 35|3.00584|} _ 80{ 3.61066 
91] 3.60108 36] 3.60595 $113.61077 
921 3.60119 37 | 3.60606 821 3.61087 
93] 3.60130|| 38]3.60617}] 83]3.61098 
94] 3.60141 39] 3.00627 8413.61109 
95 2.60152 40 3.60038 85 3.61119 
96|3.60163]] 41]3.60649 86 3.61130 
97|3.60173 42] 3.60660 $713.01140 
9813.601844] 4312.606700] 883.61151 
993.60 195] 4413-00681 89 3.61162 
40003. 6020 45 3.60692 9013.61172 
4001 3.60217] 45]3.60703 9113.01183 
0313.602280 4713.860713 9213.61194 
0303.602390] 4813.60724j] 933.61 204 
043. 60249] 49 3.60735 [ 943.61215 
963.6060 50 3.60746 g513.61225 


Table of Logarithins, 389 
N. | Legar. | AN. | Logar. | XN. N. | Logar N. V. Lager. | 
4141 3.01711 | 4186| 3.023180 423115. 3.62644 4276 2.63104 
42|3.017z21 87 3.621900 32 3.62655 [ 773. 63114 
43 3.61731 88 3.62201 33:3 62605 j 7813.63 124 
44 3.61742 89 3.62211 27 3.62675 29! 3. 63134 
4513: 1752 90 3.62221 35,3. 3.02085 j 8013 3 03144 
46 3.61763 91 3.52232 2 52695 81 3.63145 
47 3.61773 92 3.62242] 37 8.62700] 8213.637165 
483 61784] 93 3.622520] 38 3. 62716 8313-03175! 
49 36794 94 3.6223 39 3.62726 8413.63 185 
ee ee eee eee 
51 2.601815 9603.622844] 411302747 80] 3,03205 
523518260 9713-02294] 42352757 - 871363215 
5313 .61836]] 98 3.62304] 43 3.62707 [88 3.03225 
- $4; 3.61847 99,3 623150] 443627780 8913.63236| 
3 618 2289 3.52325 _ 4513:62788 9003 63246 
46 3.61868) 4201 3.62335 | 40 3.627 3 91 3.63256 
57 3.61 878} 02:3.02346 47 3.62808 92; 3.03266 
98 ,13.61888;} 03 3.623560] 48:3 628180] 933 63276 
59 3.61899] 043 62365 40 3.62829 [ 94363286 
5 361795 5 770 20325 353295 
613.619 200 06 3.62387 51 3.62840 963 63306 
62 3.01030 07 3.639 52 362859 973.3317 
633.6794 8 3.624 53362875 98363327 
64 3.61951 09 3.62418 6843.628800 993 63337 
65 3.61962] 10 3.62428 95 3.62890 4500 5.63347 
66 3.61972 11 3.62429 56 3.52900 430103 53357 
67 3.61982] 12 3 62449] 57 3.629100 oz] 3.63367 
68 3.619930] 13 3.62459] 58 3.629210 03 3.62377 
69 3.62000 14 3.62409 59 3.629310 o4\ 3.63387 
70 3.62014] 15 3.62480 | $013 6294.1 O51 3.523397 
71 3.62024 16 3.62490] 6113.62951jÞ 0613.62407 
72 3.620344] 17 3.62500 62 3.62961 0713 65417 
73 3.62045 18.3 62511 63 3.62972 081363428 
743 62055]| 19:3 H2$2%) 6413.02g82i] 09363438 
75 3.620660 20 3 625 531] 65 3.62992 103 63448 
76 362076 21 3. 62542 66 3.63002 11} 3.62458 
77 3.620860] 22 3.62552 67 3.63012 123.63 468 
78 3.62097] 23 3 62562] 6813 63022 133 63478 
79 3.62100 243.6257269 3.63033 14] 3.63488 
80 3.62118 We 3.62583 70|3.620431] 15363408 
813.6212820 253 3.62 593] 7113.63053j] 16] 3.63508 
_ 8213.62138]| 27 3.626030] 723 63063 71 3-03518 
83 (3.62149]] 2813 62614 7313-03073 18] 3 6352 
84 \3.02159]} 29 3.02024 n 3 03538] 
| 8513.62170 | 30 . 751 3.63094 20| 3.63548 | 


_4 Table of Logarithms.. 


* 
n 


T Logar. al 
3. 64008 
3.64018 
3.64028 


3 64038 


3. 3.64048 


15 
9 


3 04434 


304444 


A» 6 


* "AY _ — 


4411 


W 


12 
13 
14 
2 
18 


Ut 
Es 


Logar. 


3-04454 
3-04404 
3.64473 
3 04483 
3.04493 
3.64503 
3 04513 
3-04523| 
3-04532 
3 04542 
3.64552 
3-04562 
3-04572| 
3.64582 
3-94591 
3.64601 
3.64611 
3 63621 
3.640310 


3. 364640 1 


Lal | 
3.04807 | 
3.04816 


3.64836 
3.64846 
3.04850 
3.64805 


3-04875 
3. — | 


8 * 


r 


* 
Yo 


- * 


3.64826] « 


A Table of Logarithms 


391 
Eger. | N. ] Logar. | Logar. | VV. Logar. | [ 
4301 3.55331 [4546] 3.65763 3-65191114636| 3.65614 
3-05341]| 4713-05773 3.66200 37] 3.06024 
3-05350[] 483.65782 3-06210{|] 383 66633 
5.65300 |] 4913-65792 3.06219 39 3.66642 
3.55369 [ 3.65801 3.66229 0,3 3 66652 | 

0613.65379]| 511365811 3 66238 3.66661 
3.653890 5213-65820 3.65247] 366671 
3 65398|| 534365830 3.66257 3.66680 
3.65408 5413-05839 3.06255 3.66689 
3.548 358849 270 451 3.66699 
3.65427 [56 3.65858 3.00285 3.60708 
3.65437 [ 5713-05868 3.60295 [ 473 06717 
3.6544) [ 383.65877 3.66304 3.06727 
3-65459}| $5913 95887 3.06314 3.00736} 
3.654661] 60[3.05896 3-06323 366745 
3-95475]| 0113-05900 3.66332 5113-5755 
7365485 [ 6213-05916 3.66342 3.66764 
3.65495 633 65925 3 66351 3 96773 
3.655040 0413-03935 3.66361 3.60783 
3:055141]__ 0513:25944]]__1013 903701] _ 5513-26792 
3.65523] 66365954 3.66380 6,3 06801 
3-055334] 6713-05993 366389 5713-05811, 
3.65543] 6813-05973 3 66398 3 66820 
3.65552 693 65982 [ 143.66408 3.66829 
5 3.65502 7013-05992} 3.06417 2.66839 
5 3.65571 713 66001 3.66427 3 66848 
3.655810 7203.660110 17366436 3.060857 
3.65 5910 73 3.66020 3.66445 3.0686 
3-65600j} 7413.06030| 3.06455 3 066876 
3.65610 2 3.66039 3 66454 3.00885 
3655619 . 3.60049 3.06474 3.6894 
3.656290] 77 3.66058 3.66483 3 66904 
3.65639 78,3 6605 811 3.95492 3.66913 
3 656481} 79 3.66077 3.66502 3.66922 
3.656580 80 3.66087 3.665 11 3.66932 
3. 3.05667 813.66096 3.665 21 3.66941 
3.65677 82 3.66106 3.665 30 3.66950 
3.65686]| 83:3 60115 3 66539 .66960 
3 65696 | 84 3.06124 3.66549 3.66969 
3-65706]| 85 3.55134 3.665 58 366978 
3.65715 [[863.66143 3.66567 3.66987 
3.657250 [ 87;3-60153 3.66577 3.66997 
3.65734] 88 3.66162 3.665 86 3 67006 
| 3-05744|| 89366172 3-66596]| 7913-67015 
_ $13 65753 903 66181] 35] 3.66605}] B80]3.67025 


AT able of Logarithms. 


— 


ES 9 


EIS: 


3.07788 


Logar. 


(147711 3-6786r 
| 3-07870 


3.07879 


3.07901 
3.67979 


3795 

3 079971] 
3.68006 
3 68015 
3.680244] 343. 


3.68034 


3 68043 


3 67888 
3.67906 
367916 
367925 
367934 
3.07952] 


3.67970 


3.6805 2 
3.68061 
3.680700 [ 
3.68079 


3.08583 
3.08592 
3.68601 
3.08610 


3.68619 


3.68628 


3.68637 


3 68646 
6865 5 


— ———— 


8. — 
. > E; 
. — r 8 
* — — —̃ ꝶ F ů = = 5 


— p - : 
$4 oy £ — . — — — oy — _ _ = Fy = — 
2 TR —— 1 9 — — — — - — — 5 — —— — . rae —— 8 7 : 2 * A — — = _ a — — oY — —_ — 
2 — 2 « - — — T, — . : & = BOD. _ a : l — nn — — 
* pa 8 = 2 — q A — . way = ——- — Sy oye * 8 — ä lillh- WT ——vu = — wg * — = = — IE: =” 6 — — — = — = . 
— _— 2 83 2 N " i — 2 b — — - — — > ” — 6 — * — — — — b — 8 — - — — — — mas > a 4 Tae - — 7 — 8 — 4 2 — a _ 
— N 2 n — p _ . —— L I" 5 — — — — * * * 8 — — 88 8 — — — ra 8 . — * — == — * 5 2 n — 2 8 4 —— nn. aka - 4 Fm * — 
. : — — = — e : — van ——— = — — — — — : — K 5 - \ —— 22 — 
— 22 _ — EL = - _— _ 0 - - — = —— — * 2 9 * n l _— = = * n — 
2 BR — A —— — . 2. 2 — 2 — hs PTS... 2 — — — — —— — OT * * <<; ee 7 — —— - - — - * OTE: „ RI = — 
- - . 8 2 WE - - a = 
- 2 7 . - - - * _ RC * $4 — « 4 q . i . a 3 TE IT PENS 2 3 « > * — 37 — > * GE” - — — a -- 2 2 2 — . bg — al 
— Ee - - r « . S „ cc. zq9 A — — —— S —— — = - a A — — 5 3 2 - 
— — - 5 mm Bs RISE — 2 - 2 n - — £ * 2 w 3 + — — 5 8 — — . 1 — — 
> EE 7 0 22 _ N 8 _- — — — r — — * 3 bi rn — a on A — — | 3 — — ——— » l = 5 - br Be * — wo 
> . — — N 5 9 5 . * « ——_— IS argu op yet — See 3 9 OED. edges to — 9 — > r —— O — Urn” — ä — 8 A * — 
5 . — — 0 n 5 * 8 . = 2 — AR £ — 5 — > — — >" „ om he 1 a — — > — 5 E l * * — 
No boy a SE * * 2 8 . r 9 2 5 . 3 OS. : — n * 1 > Ws = *.. * . — 3 —— — 3 — — 8 = bh - - — = == — = 
#7 I — — i & 2 „ IEEE IRE IS IS A Te OR 8 r * * — 2 K. —— S —-—— EN r = "= x © —" we — — r = 22.52 SS « —_— — — — 7 * * 
> I? £ 4 8 : H — 5 . x = « < — — — : — — _ me > i 4 Ls 5 : po as 
8 « . — B — 8 _ - . ˙rũd he dnt — 2 R 838 B - <2 Fs . * —— * 5 - — — ——̃̃ — WT . _ cr 
* — . — ———— . 3 © + 3 5 . . 5 - == _—_ nee ond Ay 2 — * I END cates 2 — w POS 1 — 4 — DIES — - 2 = - 
1 * A) . ns - SR — A — F - 7 3 — Soy - * — — 2 by —— — * . FT. % = et * 7 RY. w * 2 * * o ” 4 * — — > — 2 o — - 4 F 7a MR _ — * — — — — 
- DR ESE AGE. = - 2 —— — ů — — Is Sr eres WEB II ——— _ ; — 
2 * > 2 — — = — * 8 
* 
: . 
_ 
5 
; ; 
* 
- 


3 
3 686644 


A Table of Logarithms. 


DS EP en IVY. 
. |  Logor., | N. Logar. (| N. | Legar. || N. | Legar.” | 
1861 3.58673 4305} 3.69073 || 495113-69469 [[4996| 3.69862 
| 62} 2.68681 07 | 3.09082 5213-09478]] 9713-69871 
633 68890 083. 69090 53 3.69487] 983.69880 
643 68699 091 3.69096; 54 3.69496] 9913 69888 
65 3 68708 103 69108 83. 695045000 3.69897 
663.68717 1113.691177 503.695 13 [5001 | 3.69906 
671 3.68726] 1213.691260] 5$713-99522]] 0213 69914 
6813 68735 133.69135][ 583.69531[[ 0313-69923 
69368744] 143.6044 5913-09539]] 0413-09932 
|: 78 3.63753 15 3.659152 _©60 3-09548 0513 69940 
7113 68762 1013. 3.69161 6113.69557]] 6 3-69949 
721 3.08771 17 3.69170] 0213 69566] 0713 69958 
73 3.68780 18 3. 69179]} 633 ©9574]] 8 3.69966 
740368789 193697880 6413.59553]} 0913 69975 
7513 68797 20 3.69197 _6513-69592]| _1913-69984 
7613 68806 21 | 3 69205 6013 09901 Ii 3.69992 
77 3.68815 [ 22 3.69214]] ©0713-696091] 12413 70co! 
78 3.68824] 23: 3.69223]| ©813.69618}{ 1313.70010 
= 013 68833 24 3.69232 69 3.69627 143. 70018 
80368842 25 3.602410 _7913- 595301} _15[3-70027| 
813.6885110 26 3.50249 N 3:69644 16 3.70036 
82 | 2.68860 ||. 27 3 69258 72 3 696531] 173.7 0044 
83 3.68869 281 3.69267 73 3.69662 183 70 
| 34 3.68878 29%. £9270 7413-69671 19 370002 | 
85 3.68886 30 3.69285} _7513-09679]] 2013-70070 
| 86 3.58895 31 3113 69294 70|3.09683}Þ 21 3.70079 
87 3.508904 321 3.69302 77 3.69697 2213-70088 
88 3.68913 333 69311 | 783. 60% „233.0096 
89 3.68922 3413 69320] 7913-69714]} 2413-70105 
— . 8.589335 8832 D 3.587 f 714 
91 3 689400 363.69338 81 3.59732 263. 70122 
92 3.68949 37 3.69346 82 3.697400] 2713-70131 
93 3.68958 [ 38 3.69355 833.59749][ 2513-70140 
9443 68966] 39369364] $443-097581] 2913-70148 
953.689 25 40 269373 _8513.69767]|_30[3.70157| 
9603 689841] 4 3.59381 863.6977 31/3716 
97 3.685930 42 3.59390 83.697840] 37174 
983 692 43 3.69300] 883.5979030 3313-70183 
99 | 3.69011 441 3.09408 | 89j 3.09801 343.7019 
40003 69e 45 3.69417 [ 9013.681033. 20200 
4901 | 3.09028 46] 3.094251} 91 3 69819 30 3 70209 | 
| 2 3.69037 [ 4713-69434} 9213 £98271] 3713-70217, 
oy 03 |3-69046]} 4813-09443, 93j3-09836|\ 3813 70226 
| 0413 69055 49] 3-69452j] 9413-09545]] 3913-70234] | 
| = 3.69064} 5013. 694611 951 3.698541! 4013.70243; ! 
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394. Table of Logarithms. 
2. 2 Legar. = — | N. [.ogar, | N. Legar. | 
50413. 7025250803. 7063 13113 71020 [51761371399 
4203.702600 873. 70646 . 3213 71028 4 6 W444 
| 4313 70269 [ 8813.70655)} 333.71037 [ 78[3.71416 
| 4413 792781] 89370663 34[3.71046]] 7913 71425 
|_45]3.702861} _ 9013 70672} _3513-710541| _80[3 71433 
46}3-70295]] 9i13.70680]] 363753 [51 3-71441 
4713-72393]| 9213-70089] 373.7 10710 8213.71450 
4813.703120 93]3.70697 3813 72079 [ 831371458 
49] 3.70321 9413-70706 | 3913-71088 8443 71467 | 
. 85 [3.71475 
5113-70338]] 9613.70723]| 413 7 8613.71483 
5213-70340} 97/3707 423.7111300 87371492 
5313-79355] 98 3.774 % 436211220 883.7150 
54370364 9% 70 44.711300 893 71508 
— eee _90[3-71517 
563.7038 10/5 103.7076 46371147 9: |2 71525 
57370389] 23.707740 4713 71155j}| 9213 715333 
5803.703980 9313-70783] 480371164] 93371542 
5903-7 0413.70791]| 4913.711720 94371550 
__6013-70415j|__25|3-7080o]| 303711810 95 3.71550 
6103.704244 06]; 70808 53 71189 96 3.71557 
623.7043273. 7081 -[ 5213.71198 97371575 
633. 70441 83. 70825 5383.712068 98 3.71584 
642. 70449 0913-70834] 54371214 99 3.71592 
eee: e 3. 
553.746 13.708510 563.7123 15201 3 71609 
673. 0e 23.708599 [ 57371240 2171617 
| 6813.70484]| 1313.70868]] 5813 71248 03 3.71625 
69/3. 70492 1413 708760 5913-71257|| 04[3.71634 
| __79[3-70501]]__1513.70885]| 6013 71265] o5|3.71642 
| 71]3-70509]| 1613.70893]| 6r[3.71273]| 06[3.716;0 
72|3.70518 17 3.70902 6213 71282 73 71659 
23 3.705260 183. 0 6313.712900 0843.716657 
7443. 70535 [ 193.7099 6443.712990 93 71675 
2272352121684 
763·705 52 213 70935] 6643.713150 11]3.71692 
77 3.705610 223. 70944] 67.713244 123.7170 
783. 70569 233.7095620 68371332 13371709 
7903.705780 2443.709610 6913.713410 1437717 
e eee 
| 81]3.70595]| 26/3.70978 [ 71[3.71357]| 1613.71734| 
1 8213.70003]| 2703.709860 7213.71366]| 17|3.91742 
\ 83313-70612]} 281 3.70995] 7313-71374]j 18[3.71750 
| 8413-70621]} 2913-71003} 7413-71383]] 19]3.71759] 
| 8513-706291] 30[3.71012}} 75137139110 2013.717671 
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N. | Logar. N. Logar. {| N. | Logar. || N. | Logar. | 
5221371775 ||5266 372148) 5311]3.72518]|c356[ 3.72884 
22 3.71784] 6713.721560 1213 725260 5713-72892 
23 3.71792] 6813 72105]] 1303725340 58372900 
24 3.71800 ; 69 3-72173 | I4f3-72542 59 3.72908 1 
25 3.71809 7003 721810 1513.725500 6013.729176 
26 3.71817 7113 721890 7603 72550 0113-72925} 
27 3.71825 [ 7213-72ig8]} 17 3.72567] 6213-72933 
283.7 834 7313-72200]| 1813 72575]] 6313-72941] 
29|3 71842]| 743722140 1913-72583]] 64372949 
A _ 2013-72591]. 0513-72057 
31|3-71859 }| 7613-72230 2113 72599 | 6613.72965 
32|3.7'807 7713-72239 223.7 2607 6713-72973 
33 3.71875 || 78[3.72247]| 2313-72016]] 6813.729811 
34 [3-71883 |} 7913-72255} 243.72624 69]3-72989| 
3513-71892 || _ 8013.72203]} _2513-72032]} 7013-72997 
36 [3-71900 || 81]3 72272 2613-72040] 713.73006 
373 71908] 8$213-72280|| 273.72048 7213.73014| 
3813-71917 I} .- 8313-722581].: 26 3.72056] 7313-73022] 
39 [3-71925 || 8403.722960 2913 72065]] 7413-73030 
14013-72933 i 8543-72395 [| __3913:7 297311 __7513:73935} 
41 [3.71941 | 8613.72313]] 3113-72621]} 7613-73046] 
42 3.71950 8713-72321]| 32[3-72689]] 77373054 
4343.721958 [ 88372329 33372597 [ 7803.730624 
44371966 893.72337][ 34372705 79373070 
453.7975 I] _ 9043-72341] __35 [3.72713] 8213-73078 
463.7 983] 9143.723544 3513-72722j| B8113.73086 
47 3.7199 [ 92372362 37372730] 823.73094 
48 3.71999] 9313-72370]| 3803.727380] 8313-73102 
40 3.72008 943 72378]] 3913 727460 8413-7311} 
Th 3.72016 | =: 3 72387] 4913-72754 85 2219 
5143 72024 9013-72395 41 |3.72762|| 86 3.73127 
52 3.72032 9713-72493]] 423727700 8743.723135 
53 3.720410 9813 724110 433727790 88373143 
543 72049] 9913 72419 44[3-72787j| 89373151 
— 22 }[$390[3 724251} __ 4513-72795 1} 9213-73159] 
563 72066 j|530113-72430]] 45[3 72803 959 3.731671 
57 3.72074 0213 72444|| 4713-72510 9213-73175] 
58 3.72082 0313-72452]} 48372819 9313-73183]. 
59 3.72090 04372460 4913-72827] 9413-73191 
— 3229 [22459 [2283525 23199 
61 3.72107 [ 053.72477 [ 5113-72843] 9613-73207 
62 3.72115 [3.724850 5203.728520 97373215 
63 3.72123 [ 0813-72493]| 5313-72860] 9813-73223] 
64 3.72132 0903.725010 54 3.728680] 99 3.73231 
65 3.72140 [[ 103. 72509 5513 72876 54000 3.73239 
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Logar. || N. Logar. N. | Logar. NN. | Logar, 
540113-7324711544913-73003(|549113-73965 [155361 3.74320 
2.73255 4713-73010} 9213-73973] 3713-74327 
033 73264 4513.73024]| 9313.73981|| 3813-74335 
0413.73272j| 4913-73032}] 9413 73989 3913474343 
_95]3-732801| _52[3-73040|| 9513-73997 {| _4913 74351 
001 3.732381] 5113-730451] 9013.74005]]| 4113 74359 
| ©713.73290}| $5213-73056|| 973.74013 4213-74367; 
0803.733040 5313.735564 938]3'74020}| 4313-74374 
09] 3.73312 5413-73072) 9913.74028]| 4413-74382 
—1013 7332211__5513-7307911550013.740361| 5 724 
1113.733251 5243 73087115501 3.7444 4613-74398; 
| 1213-73330} 57 3-7395 0213.74052|| 47 3.74400 
133 73344] 58 3.73703([ 0313-74900] 483.7444 
1443˙73352][ 3943-73711, 43.740608 4913 74421 
Kies 3.73360 — 122 81374 3.729 
163.7338 613.7372763 7484 5374437 
1743.733760 623.73735 73 74092 32374445 
| 1813 733841] . 0313 73743]] 8374099 5313-74453} 
19 3.733902 643.7375100 09[3.74107]| 5413.74461]| 
_2013-734091| 232 1913 741151] 224405 
213.7340866 736711374723 5513.74476 
22 3.734160 071373775} 1213-74131] 57 3.74484 
23373424 683.73783 1313.74139]| 58 3.74402 
242.7343 2 693.7371 14374747 593.745 
e289 2469 32470 
263.7344873. 72807 163.74162 6113.74515} 
27 3.734560 72373815 173.747 62174523 
28 3.73464 7313 738230183 7478 6313.74531] 
293.7345720 7413 73830] 1913.741860 643.7439 
_3013-73480||__75|3-73838j| 203.7490 65 3.74747 
3103.734880 76373846 21 3.74202 66 3.74554 
3213-73499} 7713-73854 2213.74210 07 3.74562 
33 3.73504 783.7382 [ 2313.74218]| 6813.74570| 
343735120 2983.738700 24 3.74225 69 3.74578 
35132252 [— 893233780 2513.74233]| 2%3.24586 
3603 735280 8413.738860 2613.74241]] 7143.745903 
73.735360 823.7389427 3.74249 7213-74001 
3813-73544} 833.7390228 374257 7313-74609 
3913-73552] 843.7390929 3.74265 743.740 
9 3235] 223218 393.7427323 24624 
4103.735680 8603.730260 313.7428 [ 763.7432 
4203.735760 8713-73934]] 3213.74288]| 77 3.74640 
43373584 883.7394100 3303.742960] 78 3.74048 
443.7350 893.7394 343.74304 793 74656 
413.735 951 3.73957 3513.743121] 8013.746631 
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N. Logar. | | N. Logar. || N. |  Logar. N. | Logar. 
3.746710 56263. 7500567 13.75366[57163.75709 
2 3.74679 27 3.750280 7213-75374]] 1713 75717 
|3-74687]] 28]3-75035]] 733753810 18375724 
3-74695]] 2913-750943]] 7413 753890] 1913-75732 
3-74702|| __3213-75951}}__7513 75397 ||__2213:75749 
3-74710]| 3113 75059]] 7013 75404] 2113-75747 
3-74718]] 3213-75006]] 7713 754120 2213-75755 
8 3.747260] 3313 75974] 7813-75420] 2313 75702 
91 3-74733]] 3413-75982]| 79375427] 2413-75770 
_$0[3-74741]| __35|3-75089]| _8013-75435]|__2513:75775 
913. 74749 3613 75997]| $113-75442j] 2013-75785] 
921 3-74757]] 3713-75195]| 3213-75450] 2713-75793] 
93|3-74704\| 38313-75113]] 83375458 2513-75800] 
943 747720] 39|3-75120]} 8413-75405] 2913-75808 
_95|3-74780ſ] _49[3-751281| 8513-75473] 3213-75815 
9063.747880] 4143.751360 8613 75481]} 3113-75823] 
97 | 3-74796]| 4213 75143]] $713-75488]} 3213-75931 
98] 3.74803]] 4313 75151]] 8813-75496[| 3313-75838 
| 99[3-74811]] 44]3-75159]] 8913-75504|| 3413-75846 
560013 7489] _45|3:751661|__991[3-75511]| 3513-75853 
5601 3.74827 46]3-75174]] 91]3-75519]] 3013-75861] 
o2|3 748341] 47] 3-75182]| 9213 75526]] 3713-75868] 
0313748421] 48][3-75189]] 9313-75534]] 3913-75870 
43.748500 4937597 [ 9413-75542]Þ 3913-75534 
—5 3.248580[ 3225 ([ 3249 4213-75591} 
06 3.74865([ 51]3-75213]] 9613-75557]] 4113-75399]. 
07 3-74873]] 5213-75220]| 9713-75505|| 4213-75900]. 
0813-74881] 5303752280 9813-75572]] 4313-75914 
o 3.74889]] 543 75236]] 993 75580 4413-75921] 
_1o| 3-74896j} 551 3-75243115700[3:755871|_4513:75929] 
111 3.74904} 5613-75251]|570113 75595]| 4013-75937] 
123 74912 [ 5713-75259] 23.756030 4713-75944 
33.749200 58375266 033 756100] 483.75952 
143.749 27 593.7274] 43.756180] 4913-75959 
32 [257 
163.74943]][ 63.752890] 8643.756330 5113-75974] 
17] 3-74950j| 623.7297 [ 0713 750411} 5213-75982] 
18] 3.74958}} 6313 753051] 0813-75648]| 5313-75989}. 
19] 3.74966]] 64]3-75312]} 09]3-750501} 5413-75997] 
291 3.74974] _65|3-75320j| 1013 75664] 55 [3-76005 
21] 3.74981 6613-75328j] 1113 756711] 5613.760012 
22] 3.74989|| 6713 75335] 1203.756790 5713-76020 
23] 3-74997]| 6813-75343]] 133 756860 5$813.76027 
24] 3-75005]| 6913-75351]| 1413-75094]| 5913-70035] 
—— 3.75012 70 3.753581 151 3.75702 | 6013 76042} 
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Table of Logarithms. 

N. Logar. Fs 54 Logar. N. | Legar. | | 
55063.76388 5851376723 5890 3.77056 
8325395 [ $213-76730{| 97:3.7706; 
8 3.76403] 5313.76738/ 98 3 77070 
0913-70410l] 5413.76745 9903 77078 
=: Ln 213704181} _ 5513-76753 [5900 3-77085 
'6 | 66 3.76087 11 3.76425 [ 56 3.76760 59013. 77093 
j 673.7609512 fl 


3.76433 5713-76768|| oz 77 100 
683 76103 1313-76440; 583.7675 3 
89376110 14376448] 59 3.76782 [ 043.7711 
_2]3:70118 1 _1513.76455}] e. 7% 05 3.77122 
71376125 1603 76462 613 70797 O0[3.7712 
2276133 1713 2647011... 62 3-70805j| 0713-77155 
| | 7303-72140} 18376477 633.7812 05; 77144 
| 17443 70148] 19} 3.76485} 0413-76819]] og 3.77151 
| 763.7616321 3.76500 663 76834411 3.77166 ns 
„ 1 * 3.76170 223.7 507][ 6743.768420 12 3% %% % % 
| | 7813-76178: 233.7655 68 3.76849 131377181] il: - 
7913 76185 24375522] 69 3.75856 «1443 771881 9 
— 932928 25 3-70530}| 7913-76864. 3 
8113.76 200 [26 3.765370 [ 71 3.76871 163.7720; 


3 3.70208 273 76545 [ 7213 768790 17 3.77210 
1 3.76215 | | 


| 3413 76223 29376559 7413-70893]] 1903.772265 by 
e RED EE RY 


| 5801 3.76350 [ 461 3.76686 9 13-770190] 36[3.77349| 
5.523580 4713 76693 9213-75026 3713-77357] 
0313-70365] 483.767 93 5770341] 3813-77364] 
kl EE 493 1 943˙7754 [ 3913-77371 
3.763800 50 Il 401355329] 
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NX. Lo gar. | N .  Logar. N . Logar. N Logar 
594113-77380 || 598613.77714| 6031]3.78039] 6050] 3.78362 
42377393] 9713-77721] 32[3.78046]| 7713-78369 
43]3-77401]] 5813-77728] 3313-78053] 783.78 75 
44377408 3913-77735]. 34|3-78051]] 79 3.78383 
322212 222＋ 5328889328395 
4013-77422}} 9113-77759] 3613.78075|| 81'3 78398 
4713;77439]| 9213-77757] 3713 78082|{ 82|3.78405 
48 3.77437] 9313 77704]; 3813.78089]| 8313.78412 
49 3.77444] 9413-77772]! 29] 3-78097j| 841 3.78419 
_$9[3-77452j| _95[3:77779]| _4913-78104]|_ 851 3.78426 
$113 774591] | 9013-77790]| 4113.78110|j "86|3.78433 
$213 374091] 9713-77793] 4213-78118|| 8713.78440 
$313-77474;] 983.7781 43[3.78125]| 8813.78447 
5413-77431]] 9913-77508]! 4413-78132}| 89{3 78455 
55 [3:77488|| 000013-778151; 4513-78140 _991 3.78462 
56377495 60013.77822 46 3.78147 913. 3.78469 
5713-77593]] 23.778300 47378154 923.7846 
3.775100 0313-77837]| 480378161 93 3.78483 
593.775 17[ 4377844] 4913 78768 943.7849 
6013 77525 ß 3.778510 50 3.28170 — 3 228 78497 
6113.77532]| 56377850 51378783 96, 37855 
62 3.77539 0713-77866 23.781900/ 97378512 
6343.775460 83.778730] 5337897 [98378519 
6443.775540 93.778800 543.78 204 99 3.78526 
55 3.77561 1013-77987|| 553.78211%6100 3.78533 
663.77568]0[ 11 3.77895 56 3.78219 6101378540 
_ 6713-77576]| 1213 77902] 57378226 O2 3.78547 
5813.775830 2313-77909] 583782330 3 3.78554 
69 3.77590 143 7796 5913 782400 04 3 78561 
— 32757722224 928247 [P 3 78569 
7113 776053] 1613-77931|| 61]3.78254'} 6 378576 
7213.776120] 1713.779380] 62 3.78262 | 07 3.78583 
1 172679 1813-77945] 633 78260 08 3.78590 
7443.776027] 1913.779520] 6443.782760] og 3.78597] 
23.275340 20/3279 [L653 78283 10 3 78604. 
7613.77641 2113-77967 ]] 6613.782900 11 EY 78611 
77 3.77648] 22 3.774] 6713 78297 12 3.7861 8 
7813-77656]] 23377981 6803 78305 13 3.78625 
79 3.77653 243.7708969 3 78312 14 3.786333 
_8013 77070|] 2513 77999|} 7013 78319. f 15 3.78640 | 
81377677 [ 2613.78003 7113 7832600 16ʃ 3.73647 
82 3 77685 273 78h 72 783330 1% 3.58654 
83 3.77692]][ 2813-78017] 733 78340 18 3.78661 
8413-77699] 2913 780251] 743.7834719 3.78668 
| 8513.79770611 3013 78022 [ 78 3. . 
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4.00 A Table of Logarithins. 


| | N. | Logar. N. Logar. || N. | Logar. || N. | Logar. 
6121 | 3.78682[[6166]3.79000||6211]3.79316]]6256 |3.79620 
22 3.78689 673.79 123 79323 57 [3.796537 
23 3.78696] 683.79014 1313 793300 58379644 
24 3.78704] 69 3.79021 1413-79337 59 3.79651 
25 [3:7271 M0 701379229}. -1$13:79344}1 9913-79057 
2613-73718]] 7113.79036]| 16{3.79351]] 61 3.79604 
| 2713-787251] 7213-79943!} 1713-79358]] 6213-79671} 
28 3.787320 7313-79959} 1813 79305]| 633.7978 
293 757391] 7413-79957 || 1913 79372] 0413-7908; | 
30 [3:79742}| _7513:792941|__ 2913 79379} _95 (2 
31 13-75753]] 763.7901 2113-79356]] 66[3.79699 
32 |3-78700]| 7713-79978] 2213-79393]| 3.79% 
3313-73707] 78} 3-79085 1] 2313 79400]| 6813.76713 
34 [3-73774]| 7913-79992, || 2413-79407]| 0913-79729 
35 [3787811] _2213-79999 1] _25[3-79414]}_ 70 [3:79727| 
| 39]3-78789]| 8113 791061} 20[3.79421]] 71379734 
37 3.787900] 8213791130 2713-79428]] 72[3.79741| 
38 3.78803 8313-79120|| 2813-79435]} 7313-79745 
| 39]3-75510f] 8413-79127|| 2913 79442]] 7413-79754 
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187. 71900 9 999997. 7 19001 2. 28100 10. 000112. 28 00042 
1197.742480 9 999991774 74248 12.25752|10.00001]I2.2575 2141 
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200776475 9.9959917-70476 2.235 24/10 1012. 2352540 
2107.78594 9.999997 78595 te 10.0000 1012. 2140600391 
7.80015] - 1.9999917.80616[ 12.19385!10.00001]12.19385[358 
545 9-99399!7- 82546612. 17454 10. 0001012. 17455037 
7.84393] 9-99959 7 7.84504 12.156010. 0112. 15607036 


7. 561516 9.999997 86157 12.13833 10 0000112138345 
878 7c 9. 99999/878702 12129 10.00CO1 12.12131134 
7.89500 9.99999 £9510 12 10490} 10.00001|12.1049213 3 
7.91088] 9.999997. 9 1089 12.089110 10. 00001012.08912ʃ32 
297.9261 2] 9.99998. 926130 12.0738 10. oo 2. 07388031 
30% 94084] 9. 99998 7.94086]12.05914| 10.00002}1 2 ©5916130 
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Tangents, and Secants. 


oO Degree. 


Sine. 


7.9408419.99998 
7.95 5089.999908 


7.90887 
7.98223 
7:9952019-99998 
$.0077919-99998 
8.02002 
8 03192 


9.99998 
9.99998 


9.99998 
9.99998 


8.04 35919-99997 
8 0547819-99997 


9.99997 


8.076509. 99997 


7129-99997 


8 0971819.99997 


8.15391 
8.16208 


9.99990 
9.99996 
9.99996 
9.99990 
9.99996 
9-99990 
9.99995 
9.99995 
119-99995 


8.1879919-99995 
8.19610 9.99995 


9.99994 


|$.2119019.99994 


I 99994 
9-99994 
9-99994+ 


8.24186 9-99993 
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5 
| | Tang. 


18.08700 


7.94080 
1 
7.96889 
7.98225 
7.99522 
8.00781 
8.02004. 
8.03195 
8.04353 
8.05481 
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12.0311 


12.01775 
I 2.00478 


12.0591 4 
I 2.04490. 
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110.00002 
10.00002 
10.00002 
1 0.00002 
I0.00002 


12.05916 


1 2.04492 


12.03113 
12 01777 |: 


2.00480 


11.99219 


11.997996 
1.96806 


11.958647 


11.945190 


8.06581 
8.07053 


8.09722 
8.10720 


1.93419 
11.925347 


11.91 300 
11.90278 
11.89280 
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I 0.00002 


10.00003 
10.00003 
10.00003 
10.00003 
10.00003 
1 0.00003 
10.0003 
10.00004 
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8.11696 
8.12651 


8.13585 
8. 14500 


8.15395 


8.24192 


11.88304 
1187349 
11.8645 
11.85 500 
11.8460 5 


111.83727 


11.828667 
11.82024 
11.81196 


11.80384 


11.795887 


511.78805 


11.78036 


111.77281 


11.765 38 
11.765808 
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10.00004. 
10.00004. 
1 0.00004. 
[10.00004 
I 0.00004. 


10.00002 


[1.99221 


[1.947998 |: 


11.96808 
11.95650 
11-945 25 
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1193422 
11. 92350 
[1.91304 
11.90282 


[1.87353 
[1.80419 


11.85505| 


11. 84609 


o. ooο.5 
10.00005 
19.00005 
10.00005 
1 0.00005 


11.83732 
11.82872 
11. 82029 
11.81202 


11.803900 


1 0.00006 
10.00000 
10.00006 
10.00000 
10.00006 
1 0.00007 


——— 


11.729593 
[1.78811 


[1.78042 
1177287 
[1.70544 


11.758150 
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- Table of Artificial Sines, 


I 


„ 


Depp. 


9.999938. 24192 
9.9999308.24910 
9.9999308.25617 
9 9999308. 263 12 
222993 
9.9999 208.27669 
9.9999208.28332 
9.999928. 28986 
9.99992 4. 29626 
9-9999118.30263 


9.99991 8.30888 
9.9999 108.31505 
9.9999 108.32112 
19.99990[8.32711 


19-99990[8.33303| 11.00 


9.99990[8.33886 
9.9998918. 344061 
9.9998918.35029 
9.9998918.35590 


9.999888.37229 
9 9998818. 37702 


6 9. 9998718.38239 
9-99 9998718.38809 


9.999878 39323 
9.999868 39832 


rang. | 


— — — — — 


8.26996 | 


8.3013219-9998918 30143 
9. 9998808. 36689 


9.999868 40334 
9.999868. 408 30 


| 


— — 


11.75808 
11. 75090 
1.74384 
11 73689 
1173004 


1771775 
1171668 
1171014 
1170371 
[1.69737 
11.69112 
11.68495 
11.67888 
1167289 
11 66698 


11.661714 


11.655 39 


1164971 
11.644111 


11.638 57 
11.633111 
11.6277 
11.62238 
11.61711 
11.61191 


11.60677 
11.60 169 
11.9666 
11.589170 
1158679 


7111 $8193 


Sine. 
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| Tang. | 
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[0 00007 


10.00007 


10.00007 


10.00008 
10.009008 
10.00098 
10.00009 
10.00009 


— —_ 


10.00009 
10.00009 
10.00010 


10.00010 


I0.00010 


10.00010 
10.0001 1 
10.00011 
I0.00011 
10.0001 2 


I0.00012 
10 00012 
10 00012 
10.0001 3 
10 00013 


——ů— 


10.0001 3 
[0.00014 
0.00014 
10.000 14 
10 o00¹5 
10,00015 


— — —— 


1171023 


—59245 
11.0912] 
11.68 505 
11 67897 
[1.07298 
11.66708 
1.66125 


11.04982 
11.604422 


11.62783 
| 


— — — — 


1160182 


1175098 
1174391 
11 73096 
11.730112 


179 
11 71676 


1 1.70379 


[1.65550 


11.63869 
11.03322 


Il 1.62250 


11.01724 37 
11.61204 36 


I 1.59680, 2 
11.59184, 32 


[1.58093 31 
Et. 58208 Jo 
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8.417929. 999858. 
8.422729. 99985 
8.427469.99984 8.42762 
8.4321619-9998418. 
$.4 30801999954 15-4: 
8.441391[9-9998318. 
8.44594[9-99983[8. 
8.45044 9.9968 318. 
8.454899.99982 
$ 4593919:9998218.4: 
8.4636619.99982 
8.4679919-99981 
8.4722619.99951 
8.4765019.99981|8: 
8. 4806919-99980[8. 
8.4848 519-9995018. 
18.4889619-99979ÞÞ. 
8.4930419-99979[8- 
3.4970819-999798. 
8.50108[9.99978 
8.5050519-99978 
8.5089719-999778- 
18.5128719-99977 
8.5167319-99977 
8.5205 519-99970 
8.5243419-99970 
8.5281019.99975 


999975 


8.45507 
5.45948 
8. 8.46385 
8.40817 
8.47245 


8.51310 
8.51690 
8.52070 
8.52459 


8.52835 
8.53208 


9-9997418-53578 


19-9997418-53945] 
19-999748-54308 


Sine, 


17.587193 
1 

11.57238 
11.567609 
11.56304 
11.5584 


11.54939 
11.54493 
11.54032 
115361 
11.53183 
I1I,o52755 
11.52331 
I1.G1911 


11.51495 


11.51083 


s[11.50675 
[1.50271 


11.49870 
11.4947 3 
1 1.49030! 
11.48690 
11.48 304 


1147921 


1147541 
1147165 
11.4679 2 


Secant. 


—— — 


10.0024 
10.00025 
10.00025 
11.46422 10,00026 
1 1.46055 10.00026 
11. 11.4825 10.00027 
85 Tang. 
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10. 001 5 
10.0015 
10.000 16 
10.0001 6 
10. 00016 


10. 00017 
1155389 10.00017 

10.00017 
10.00018 
10,00018 


— — 


10.000018 
10. ooo 9 
10.0001 9 
o. ooo 20 
10. ooo20 


— — — 


Io. ooo 20 
10. 00021 
10. 00021 
10.000021 
I 0.00022 


— wc | 


10.00022 
10,0002 3| 
10.0002 3 
I 0.00024. 
I 9.00024 


11. 11.55861 


11.54956 
[1.54511 


1.53202 


11.52350 
11.51515 
11.51104 
1 1.50695 
11.50292 


1149892 


11. 49496 
11.49103 
1148713 
11.48327 
11:47945 
11.47500 
11.47190 


11.46448 
11.46081 


11.45718 


| Secant. 


f . 88 Bas. 


2 


11.582008 
11.57728 
1157284028 
11.567844 271 
11.563200 28 


11.5 5406 


11.5407021 
11.53634 


(1.52774 


11.468 17 
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2 Degree 


Sine. | | Tang. | I Secant, 
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8.542829. 999748. 5430811. 4569210 00027 11.457180 
8.546429. 9997308. 546691 1.45331 10. 0002711 45358 
8.55000[9-99973]8.55027|11.44973| 10 00027} 11.45001|53 
8.5 535409 999728. 5538211 44618 10. 0002811 44646|;-| 
ee 
8.560 549.9997 108 560831143917 10. 0002911 43946 
8.564000 99970 - 50429111. 43571|10.00929] 11.43600| 54 
8.56743. 999708 56773 43227 10.0300 114325753 
8.570849. 99970 8.57 1141142886 10.000300 114291672 
8.5742119-9990918.57452|11.4254*| 10.00030|11 42579] 51 
8.5775719.99969|8.57788[11.42212|10 00031] 11 42243 50 
{11]8.5808919.99908[8.58121111.41879]| 10.00032| 11.41911 
[1218-58419 9. 9990318.58451|11.41549| 10.00032| 11 4158148 
11318-58747 9. 99968 8.58779 11.412210 10.000330 11.412953 
148.5002 9 999678. 8.50 1051140895 1.00033 11.409284 
11518-59395 9. 999678. 8.59428 11.4057 2 10 00034 11. 4050545 
1168.597150. 999668 59749114025 1010. 0003411 40285] 44 
178.6003 3.999668 6006811 39932010. 0003 511.3996743 
1808 60349 9 99965/8.60 38411. 396 1610.000035 1139551042 
1908.606562 9.999658 60698[11.39302|10 00036 11.393380 41 
2008.609739. 9996486 10091. 3899 10 10. 00030 11.390274 
4218.612820. 99964(8. 6131911 38581010 00037 11.387 8 
228.615 89 0.99963 8.61626011.38 37410 00037 11.384171 38 
2308.618949. 99962 8.6193 11138069 10. 000380 11.38 106, 37 | 
2418 621969 999621|8.62234|[11.37706|10 00038| 11. 11.37804. z 
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2518.624970. 9996 18.625 35 11.374665 10. 000391137504 35 
2608.627959. 9996008 62834/1137 1661000039 11.37205 34 
278 6309 19.999608 6313101136869 10. 01. 36909 330 
288.6338 5 0. 9996086342601 1.365 7410. ooo 1.36615 32 
298.6367809. 99960 8.637180 11.362820 10 00041] 11.35322 31 
308.6 39680 9995918.64.009]11 30991] 10.000410 11. |. 30032 39 
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Tangents, and Secants. 1 | 
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. 


3 — 


8.645 439.9995 8 8.64585 


Sine. Tang. 


8.539689. 999508 6400 
8.64256 9.99958} 8.64298 


8.64827 9.999574 8.64870 
8.05110] 9.99956] 8.65154 


8.65391]9.99950| 8.65435 


68.656670 9.9995 508. 65715 
8 059481 9.99955} 8.65993 


8.0622319.9995448 66269 
3.0649719-9995448 65543 
8.60769] 9.9995 3} 8.608106 
8.670391 9.999521} 8.67087 
8 673089 9995218.67350 
8.075751 9-99951]8.67024 
8.078411 9.9995 18 67890 
8.6810419.99950{8.68154. 
8.0330719-99949] 8.08417 
8.686279. 99949 8.68678 
8.688 869.9994808 68938 
8 691449. 999480 8.69160 


— 


— — 


9 11.35991 


1.35702 


11.3545 


11.35 130 


11348405 


Secant. | 


10.00041]11 36032130 
10.004211. 35744029 
10.000430 11.35457/28 
10.00043|11.35173]27] 
10 o A1. 34890026 


[1.34595 


11.34285 


1 1.34007 
[1.33731 
11.334527 


11.33184 
11.32913 
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11.32110 


10.000401 11.33777 22 5 
10 00047|11 3350311 


10. 00044 T1. 3465 
10 oo 11.343 30024 
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10. 000471133231 20 
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10.00049]11.32160116}- 
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8 69654[9.99946| 8.69708 


8. 69907]9.99946| 8.69962 


8 701 569.9994518 70214 


8.70409]9 99944|8 70465 


11.30947 
11, 30292 
11.30038 
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8.70658 9.999448.70714 
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8.71603819-9994.1] 8.71697 
8.718 80 9.99940 8.71940 
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— CA yt. ents... AO — — 


10.00059]11.28302 


10.0005 3/1 1.30000|19 
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10. 0005601 1.29342 5 | 
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O 


10.00057|11.29095| 
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10. 005 811 28605 


io. oo ο˙ 28120 


—— — 


87 Degrees. 


F f 


1 5 


8 A Table of Artificial Sines, 


| 


3 Deg YVEES. 


— 


— 


Aa — 9. II 


110 


120 


* 
1 
A 
e 
7 
4 
h W 
1 
. 
| 

x : 
3 ' 

* 

: 
[ 
: 
p | 
N 

5 . 

7 

L W 

* bf 

16 
, . 
(SL 

12 
Tir 

: : 
wn 

'S < 
1 

17 

| 

U 

. } 

34 

[3 

w% 

7 

' 
1 1 

5 

. 

i 

* 

„ 

bs Jon 

1 

5 : 

x N 

35 } 
1 

* i 
* : 
$7.9 
by : 

& 
1 

4 
£7 
13 
\ ' | 
nn 
1 N 

i 

My 

Ty : 

4 
1 i 
0 [ 

- 
my 
T 

1 4 

my 

[420 

$ 7 

A 

% 

"T4 

" 
I. 

1 ; 
= x 
Rat 

* 
1d 
P . 
1 

1 
D. 

Ks 

. 

. 2 

42 

| * 
1 5 
4 - 

0, i 
Is + 4 
1 N U 

+ 

17 114 
ds ; 

4 
10 

ML 4 
* 1 1 
* 4 

14 

. x 
L 14 

4 
. 
} 4 
: * V K. 
„ 00 
. 
an 

” 
| BY 


CAS rats 


—_ 


— 


OE — . I IEG. 
wa I 0s — * K Eats nn, 
ne SE Str Fade 

ms EEE. / * 
I 5 "x 


. 
SEA = <£ — — 
——— I 

— ow. — ET 

SS — — 


660 


Sine Secant. 
8.718809. 99940 11. 28060 10. 00060 11. 28 120 
8.721209. 99940 11.278 1910. 00060 11. 27880 
8.723609. 99939 11.275 8010. 006 111.2764 
8.7259719.99938 11.273410. 0006311. 27403 
8.728349. 999388. 11.271041. 00063011 27166 
8.7 3069 9.99937 11.268680 10. 0006311. 26931 
8.73 30309 99936 11. 2663410. 0006411. 26697 
8.735359. 99936 11.264001. 00064. 1 1.26455 
8.737679. 99935 11.261680 10 000651126233 
8.7399719 9993408. 11. 2593710 00066| 11. 26003 
8.742269. 999348 11.257080 10.00000| 11.25774. 
8.7445419.99933 11.254790. 0006711. 25 546 
8.74689 9.999320 8.747480 11.2525 10 O00680 11. 25 320 
8.749069. 99932 11 25026010 00069 11. 25095 
8.751309. 999318. 7 11. 24801010. 0006911. 24870 
8.75 35 309. 99930 |11.24577]10.00070[ 11.24047 

1618.7557519.9992918 11.24.355]10 000710 11.24425 
8.757969. 999298 11.241330 10 o 111. 24205 
8.7601 5 9.99928 11.239130 10. 00011. 23985 
8.762349. 999278 7 11.236941 10.0007 311. 23766 
8.7645 109.9992 11.23475 10.00074111-23549 
8.76068[9.99920 11.23258[10.00074|11.23333| 

22:8,7688319.99925 11.23042[10.00075|11.23117 
8.770979. 999248. 11. 22827 10.000761 1.2 2903 
24 9.773109 99924 11.226130 10. 0007711. 22690 
25 8.77522 9.99923 11.2240 110.0007 11.22478 
426 8.77733[9-99922 11 22189 10. 000781122267 
27 8.7794319-99921 111.21978]10.00079}11.22057 
28 8.78152[9.99921 11.21768}10 000809|11.21848|3 
129 8.7836119.99920[8. 11.215 5910. 0008011. 21640 

30 8.78 5689.999198. 11.213510 10.0008 1011.214330 
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Tangents, and Secants. 
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3 Degrees. 


| 


9 99919 
9.99918 
999917 
9.99917 
9-99916 
9.99915 


9.99913 
6.99913 
9.99912 
9.99911 
9.99910 
9 99909 
9.99909 
9.99905 
9.99907 
9.99906 
9.99905 
9.99904 
9.99904 


9.999148 


9.99903 
9.99902 
9.99904 
9.99900 
9.99899 


8 82701 
8.82888 
8 $3075 
8.83261 


Tang. 


8 78649 


8.79001 
8.79206 
8.79470 


7 11. 


8.80872 
8.8 1068 
8.81264 


8 81459 


8.81053 
8.81840 
8.82036 


8 82230 


8.82421 
8.82610 


8.82799 
8.8298 
883175 
8 $3301 


7| 11. 


Dt En — 


11.213511 
8.78855 


1121145 
11. 20939 
11.20734 


11 205 30 


— — — 


54 
20327, 


11. 
11. 
115 


20125 
19924 
19724 


11.19524 


— 


10.00081 
I 0.00082 
10 00083 
10.00083 
10.00084 


10.00085 
1000086 
10. 00087 
10.00087 
10 00088 


19320 
19128 
18932 
18736 
18541 


FP 
1 
11. 
11. 


11.183847 
11.1814 


11.179602 
1117770 
1117580 
11.173900 
11.1720 
1117013 
1116825 
1116639 


10.00089 
10 ©0090 
10.00091 
I0.00091 
1 0.00092 


| Secant. | 


| 


11.21433 
1121226 
11.21021 


1 1.20817 


11.20614. 


I1.204t2 
I1 20211 


11 20010 


11.198 11 
1119612 
[1.19415 
.19218 
19022 


18633 


10.00093 


o. ooo 


10.00095 


19,00090 
Io. ooo 


10. 00097 


l0.00100 
I 0.00101 


3.83440 
8. 8363009. 
8.83813 
8.83996 
8.84177 
8.843589. 


8 83547 
8.83732 
8.83910 


018.84100 


8.84282 
8.84464 


11. 


11. 
11. 


16453 


16268 


11. 
1. 
11. 


1 5900 


11.15530 
Tang. 


16034 


15718 
10. 00106111. 


1000102 


ö 
10.000102 


10 00103 
10.00 104 
Io. 0 105 


—— — 


| Secant. 


mT 7487 
10.00098 
10. 0099 


1.17299 


1117112 
11.1692 5 
1116739 


86 Degrees. 5 


18827 


Min. 


| 


— 
* 


F f 2 


— 


i 
. 


| 

' 
+1 
= 

1 

1 

14 

5 
Y * 
f 7 
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I. 
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* 
* 
4 49 
42 
N 
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44 N 
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1. 
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1 
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. 
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1 
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213% - 
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WH 1 
3 33 
Wks 
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bY OS 
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* A 
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r 
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* — 
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A Tavle of Artificial Sines, 


4 Degrees. 


Tang. 


9.99894 
9.99893 
9.99892 
9.99891 
8.850751 9-9989 1}: 
9. 922890 
9.99889; 9 
9. 2888 8.85717 
2 998387; 9. 
[25 -99886 


8.86301] 9-99884. 
$ 86474 9.99883 
8. 86645 9.99882 


1448.868117 9.998818. 8.86935 
1—1— — — — 


8. 869879 99880 8.8 87106 


8.87157; 9: 99880; 8. 7 
8.87320, 9.99879; 8.87447 


8.874941 9.99878 8.87616 
8.87662 


7.57829 
8.87995 
8.88101 
8.88326 
8.88490 
3 88054 
8.88817 
8.88980 
8.89142 
8.89304 
308 2 


oo OI 8 * ol UN 


8 86128 8. 8.86243 
8.86417 
8.86591 


8.86763 


— 
— 


— — 
. 


Q BE S 


9.99870,8.87953 
9.99875 8.88120 
9.99874 8.88287 
9. 99873 8 88453 
9.998 372, 8. 8.88619 
9. 99871 8.9 88783 
* 99870! 8.88948 
9: 99869 9 89111 


td 
2 


t to 
RI 1 


Sine. 


9 99877; 8.87785, 


+ nf 


| 


24, 
11. 


11.155 36 
11.15355 
15174 
14994 
II. 1.14515 


Secant. 


10.00106 
I0.00107 
10.00108 
IO.O001I O9 
10. 00110 


— 


1115642000 


4 


[1.15401 
11.15282 
[1.15103 


11.14925];6 


11.14637 
1.14460 
11.14283 
11.1410 
1113931 


1113757 


11.1358 


11. 4379 
1113237 
I 1.13065 
11. 12894 


11.1272 5 


B 125 53 
1112384 
11.122215 


10.001113 
10 00114 


A. o0115 


1112047 
11.118800 
11.11713 
1111547 


1111382 


| 


| 


9. 99868, 8.89274 11.1026 


9.908678 89437 11.10563 
9 * 8.89598! 11. 10402 


1111217 
1 11052 
4 10889 


FN Tang. 


10.0110 
10. 00111 
10.000112 


10.001116 
10.000117 


10.001181 


10.00119 


10.00 120 
10 00121 
10.001122 
10.000122 
10.00 123 


10.001124 
10.0012 5 
10.000126 
10.00127 
10.001 28 


— — — 


10. 00129 
10.00 130 
10. 00131 
10.00 132 


10.001331. 
10 00134 


11.14748 
1114571 
11.14395 
1114220 


11.140550 


11.133872 


11.13699 
11.13520 


1113355 
111318446 


11.13013 


111284444 


11.126750 
11.1250 
11.123309 


1112172 
11 12005 
11.118399 
11 11978057 


11. nn 


11. 


Secant. 


| 85 Dave 


— 
— — ä—ä—ä— — 3 
— — ——= p —ę— FI 


(433 ] 


—— 


1 
- = —— — 


Tangents, and Secants. 


ö 
{ 
> 
4 


4 Degrees. 


5 Sine. Tang. 7 Secant. 


z0! 8-394.0449.99860[8.39598] 11.10402] 10. 0013411. 10536030 
311 $.5902519.9980518.89760]11.10240 10.00135 11.10375ʃ29 
3208.897849. 998648. 89920 11. 10080 10. 01360/11102 16028 
3318.899439. 998638. oo ονονεοα 10.00137]11.10057]27 
348 901029. 90852 8.90240 11. 09760 10.001381 1. 09898026 


—— —„—c 


358. 902609. 998618. 90399 1. 0960 110.0013911. 0974002 
1358.904179. 998608. 905511. 09445. 10.00140|11.09583]24| 
378.905 74/9. 998598 90% 151. 09285. 001410/11. 094260233 
3808 907309. 99858 8.90872 11.091280 10. 00 142011 06270ʃz2 
398.9088 59.909857 8.91029 1. 08972(1.0143 (11.091151 
45 8.9 1040 9.90856 8.91185] 11.088 15 10.00 14411. 08960420 
8 91195 9.9985 58.91 1 1.08660! 10. 00145 11.088050 
e 45 $12.97 * | 
4218 9134919.99854|8.91495 11.08 505 10.00 1460611. 0865 18 | i 
_ 14313-9150219.9985318.916;50[11.08351 10.00147 11.08496;17]. | 
6 | | 0.998521 8.9180; 11.08197 . 0148 11.083456 
I 458 9180719.9985118.91957| 11.0043! 10.00149}7 1,08193ji5] 
14608919599. 998 50 8.92110] 11. 07890 10.COL;1} 11.0804 1114. 
1478.921109. 99849 8.92202 1107738 10. 9015211. 0789013 
4808.92 26109. 99847 5.924144 11.07586! 10.00 153/ 11.077 39012 
1498.924111 9.99840] 8.92505 11.0743 5 10.00154|11.07589|11 
508.9256109 99845] 8.927160611.0728 50. 0015511. 0743910 
5 108 927109. 99844 8.92806} 11.07134 10.00 15661 1.07290 
528.928 599.9984 8.92016 11.0698 5 10. 001571107141 
5318.930079. 9984 208.93 165 11.068 35 10.001581 1.06993 
5408 93154999841 8.933131 1.06687 10.001 59 1 1.00846 


— — 


— — 


9 

8 

7 

6 

55 8.933020 9.99840 8.93462 11.065 38 10. 00 160 11. 06699 5 
$618.93448| 9.99839] 8.93509] 11.063910 10.00161 11.065 52 44 
33 

2 

l 

O 

5 

= 


5718.93594|9.9983818.93757]11.06244. 10.00 16211 1.06406 

5808 93740 9.99837 8.93903 11 06097] 10. 00 16311. 06250 
598.9388 509.998 3608.940491 1.0595 f 10. 0016511. 05115 
608.4030 9.908 348.9419511. 05 805 10. 00 16611. 05970 


—— — 


Sine. Tang. NE | Secant. 


85 Degrees. 5 


F | 3 
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1 A Table of Artificial Sines, 


HT 5 Degrees. 
= Sine, | Tang. Secant. 
7894030 9.9983 JJ 8.94795 11 05805|10.00166\ 11.05970Þ0 
18.941749. 99833] 8.943400 11 05660 10.001671. 0582659 
28 943179. 998328.94485 11.055 1510 00168) 11.056838 
38.9446 109.9983 18.945300 11 05 37 1 10.00 16901105 53957 
48.945039 908 308.9477301 1.052270 10.001011. 0539766 
58.94746/9.99829 8.94917] 1105083 10.001701 0525455 
| - 8.94887 9.9982813.95000{ 11.04949] 10.00172} 11 0511364 
78.950290 9.698278. 95 202011 04790 10.001730 11.049713 
8 8.95 170 9.99826 8.95344/ 11.0465 610. 0017511 0483052 
918.9531909 008248. 95486 11.045 14/10 00170011. 0459001 
1008 954509 9982308.95627 11.043730 10 00177, 11.94550}50 


1118.955990 9.998228.95767 11.04233[10.00178, 11.044 11149 
1218 9572819 .99S2118.95908|11 04093 10.001 79) i 1.04272j48 
[13}8.95807]|9.99820]8 90047; 11.0395 3010.001800 11.0413 3147 
{1448 99005 9.99819 8.96189 11.038130 10.0018 111.0399546 
[15] 3.90143] 9099817}8.90325}11.03075110.00183t11.03857]45 
[16{8.96280]9.99816[8.96404}11.03536\10 00184 11.03720[44 
1718 96417]9.998151}8.996021 11.033980 10.00185}11.0358314.3 
1818. 96553 9.9981418.96739 11.032610 10.00 186611.03447½2 
1918.966899 99813 8.96877 11.031231 10.00187T11 03311041 
| 20} 8.90825 9.99812 8.97013 11.02987]10.00188|11.03175|40| 

2108.969609. 998 10 8.97150} 11.028 50 10. 0019011 0304039] 
224 8.97095 9.993899; 8.97280} 11.02715}10.00191]11 02905130 
2318.97229 9.998088.97421 11.025 79 10.00 192110277187 
124 8.97303 9.9990718 97556!11.02444\110.00193 11.02037]30 


2518.97490}9-99806|8.97691{11 02309 10.00 194 11.02 50435 
26} 8.97029 9-99804; 8.97825 11.021 75j10.00190|11.02371134 
| 2718-97702 9.9980318 97959; 11 02041110.00197]11.02238{3 3 

28; 8.97 994 999802 9.9892 11.019080 10. 0019811 02106ʃ32 
2918.9802609. 998018 9822511017751 v. 0019911019740; 
308 981579. 9008008 98358 1101642 10 o0200 110184330 
ES "_ 1 5 ie. -F.  - . - -} Secant. 


Sine. Tang. 


|: Fo 3 84 Degrees. = | 
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Tangents, and Secants. 


5 Degrees. 


3 
9.00207 
9.00332 


9.90450 
9.00581 


9.99800 


9.99798 
9.99797 


9.99796 
222722 
9.99794 
9.99792 
9.99791 
9.99790 
9.99789 
9.99787 
9.99780 
9.99785 
9.99784 
9.99781 
9.99780 
9.99778 
9.99777 
9.99776 


Tang. 


8.98358 
8.93490 
8.98622 


8.98753 
8.98884 


1101642 


11.015110 
11.01378 
I 1.01247 
II.01116 


Secant. 


10.00200 
10.00202 
10.00203 
10.00204. 


10.00205 


8.99015 
8.99145 
8.99275 
8.99405 
5.99534 
8.99002 
8.99791 
8.99919 
9.00047 
9.00174 
8.00301 
8.00427 
8.00553 


9.00579 
9.00805 


9. 0704 
9.00828 
9.00951 
9.01074 


9.99775 
9.99773 
999772 
999771 


91 1969.997099 


9.01318 
9.01440 
9.01561 
9.01682 
9.01803 
9.01923 


I Sine. 


9.99768 
9.99767 
9.99765 
9.99764 
9.99763 
9:99701 


| 


9 00930 
991055 
9.01179 
901303 
901427 
9.01550 
9.01673 
9.91796, 
9.01918 
9.02040 
9 02102 


1 


[1.00985 
11.008 5 5 
11.007725 
11.0059 

18e 
1 1.004 Ji) 


— — — 


11.000338 
I 1.00209 
I 1.00081 
19.9995 4 


10 99826 


10.00207 
10.00208 
1 0.002009 
10.00210 
10.00212 


11.01843 


LI.OI7IZ 
1.01581 
[1.01451 
[1.01321 


1101192 
1.01063 


11 00934. 


1 1.00800 
11.00078 


10.00213 
10.00214 
10. 00215 
10. 00217 


10.000218 


10 99699 
10. 99573 
10. 99447 
10.99321 
10.9995 


10. 99070 
10.98945 
10.98821 


10.9897 


10. 98573 
10.9845 
10.98327 
10. 98204 
10.9808 2 
10.9790 
10.97838 


Tang. | 


I 0.00220 


10,00221 
10.00222 


10.00223 
10.00224 


10.00 226 
10.00227 
10.00228 
10.002209 
10.00231 


10.00232 
10.00233 
10.002 35 
10.00230 
10.00237 
10.00239 


I L.OOSFO 


1 1.00423 
1 1.00290 
11.00170 


11. 00044 


10.990918 


10.9073 


10. 99668 


10. 99544 
10.99420 


10.99296 


10.99172 


10.99049 


10.989260 
10. 98804 


10.98682 
10. 98560 


10.98439 


10.98318 
10.98197 


10.98077 
| Secant. 


84 Degrees. 


2» —— 


— 


15 


— 


3 


F 4 


| 


1 
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A Table of Artificial Sines, ws 


6 Degrees. 


1 


0 Tg un . OI 


| 0;9.01924 


Sine. 


le 
9.02163 


9.02283 
9 02402 
9.02520 
9.02639 
N 
9.02874 
9.02998 
993189 


9 03226 


9 03342! 


9.03590 


9. 03920 
9.04034 
9.06145 


2019 04203 

3219: 04376 
22 9 C4490 
23;9 04003 
2419-04715 
25 
26 9.04940 
27,9 05052 
$28,9-051064 
42919-25275 
30 9.05385 


9.04828 


—— — by 


9.99761 


9.99700 
9.99759 
9.99757 
9.99750 
9.99755 
9.99753 
9.99752 
9.99751 
922749 
9.99748 
9.99747 


9. 3805 


9.99745 


9 0345800. 99744 
9. — 


3.99743 


9.99741 
9.99740 
9.99738 
9.99737 
9.997 30 
319-997 34 
9.99733 
9.99731 
9.997 30 
222229 


9.9972 
990724 
9.99723 


19: 4 Se 
Sine. | 


9-997 <7 


9. -99721 


[ Tang. 


9.02162 
902283 
9.02404 
902525 
90264 
9.02766 


9.03005 
9 03124 
9.03243 
9 03301 


i 
203832 


9.03949 


9.04181 
9.04297 
9 04413 
9.04528 
9.04543 
904758 


9.05 101 
9.05214 
9.05328 
905441 
9:95 534 
2 


9.0288 5 


9.03479 
9.03597} 10. 96403 


9 04005 


ee + ie. 


10.97838 
10.97717 
10.97590 


10.97475 
10.97355 


10.0023q 
10.0024.0 
10.00241 
10.0024.3 
10.00244 


10.97275 
10.97115 
10.90995 
10.99876 
10 96755 
10. 0.95639 
10.956521 


10 96286 
10.905168 


10. 96052 
10.95935 
10.95819 
10. 1 
87 


10.00245 
10.00247 
10.00248 
10 00240 
10 00251 


10 00252 
0.00253 
10 00255 
10 00250 
10.00258 


10.00259 


10.00262 
10 00263 
10 00265 


10 00260 


9.04873 


10. 95472 
10.9535 
10.965242 
10.951127 
10. 95013 


10.00 266 
10 00267 
10. 00269 
10. 00270 
1000272 


10 94.599 
10.947 80 
10.94072 

10-945359 
tO 94447 
(9-94334 


0.00273 
[0.00274 


10.00277 
10.00270 
10.00280 


Tang. A 


210. 00276 


| Secant. 


10.963 10 
10.906195 
10. 96080 
10 95966 
o. 95552 
10 95738 
I'O. 95624 
10.955 11 
10 95397 
0.95368 
10.95172 
10 95060 
10 94948 
10 94837 
0.94725 
10. 94014 


10.98077 60 
108.9795759 
10.97837 58 
I ©. 97718 97 
10 97598, 


10.97480 
10.97301 


at Sdn 
10.97120 


95 Degrees. 


1 


[ 437 ] 


Tangents, and Secants. 


© Degrees. 


Sine. 


9 553800 
19-05 497 
9.05607 


9.05827 
9.05937 
9.06040 
9.00155 
9.06264 


9 07018 


9.07231 
9-07337 
9.97442 
9.07548 
9.07653 
9.07759 
9.07863 
9.02908 
9.08072 


9.08383 
9.08486 


905717 


9.07124 


9.08 176 
9.08280 


9.08589 


9.99719 
9.99717 
9.99716 


9.99710 
9.99708 
229222 
9.99705 
9.99704 
9.99702 
9.99701 
9292599 
9.99698 
9.99696 
9.99695 
9.99693 
9:9969219-0; 
9.99690 


9.99687 
9. 99686 


9.99683 
9.99681 
9.99680 
9.99078 
9.99677 
9-99675 


Sine. 


9:9972019- 


9:99714/9. 
9.997130. 
9.997110. 


9.99689 


9.99684 


| 


Tang 


© EIT — — 


19.94334 


19.94222 


10.94110 


10.93998 


10. 0.93557 


10.9377 77 


10.9366 5 
4579.935355 
119 93444 


10.3335 


97 
9.07428 
9.07530 
9.07043 
A l 
9 907858 
9 07964 
9.08071 
908177 
908283 
9. 08389 
(9-05495 
9.08000 
9.08705 
9.08810 


9.08914 


10.93225 
10.93115 


10.93006 


10.92897 
10 92789 


10 92680 


10.92572 


10.92464| 


10.92357| 


10.92245 


10.92142 
10.920306 


10.91929 
10. 91823 10.003 14 
10.901717 1.003 16 


10. 91 Ell 


10.9 150% 10.003 19 


10. 91400 


10. 91295 
10. 91190 


Secant. 


— — on 


10.000280 


10.000282 
10. 00283 
10.0024 
10.002806 


10.0028 
10.000289 


10.00290 


10.0029 


10,00295J 


10.00296 


10.00298 


10.00299 


10.0030 


10.00 302 


10.00304 


10. 00305 
0.00307 


10. 00208! 


— ä — CAE 


10.003 10 
10.003 11 
10.00313 


10.003 17 


10. 00320 
10.003 22 
10.00323 


10.9 1086 10. 00325 


i 
— ——— 


wg Tang. 5 


—— 


10.9474 
10. 94503 
1 0.94393 
10.94284 
19.94/73 
10. 94063 
[0.93954 
10 93845 
IO.” 0292110. 93736 
10. 93628 


9.97719 
10.93412 
10.933044 
10.931 6 
10. 93089 
10.92982 
10. 92876 
10. 92769 
10.92663 
0.92558 


10.9245 2 
199247 
10.92242 


10.92137 
10.92032 


1 


10.91928 
10.918244 
10.917200 
10.91617 
10.91514 
1.91411 
"| Secant. | 


B34 Degrees 


IO 


[ 433 ] 


CCW "uy 


A Table of Artificial Sines, 


| 


7 Degrees. 


11 


| 


Sine. 


9.08092 
9.08795 
9 08897 
908999 
9.09101 
9.09202 
9.09304 
9 09405 
9.09500 


9.10105 
9.10205 
9.10304 
9.10403 
9.10501 
9.10599 
9. 10097 


9.11377 
9.11474 


| 


9.99675 
9.99674 
9.99672 
9.99670 
9.999 
9.99567 
9.99666 
9.99664 
9.99663 
9.99001 
9.99955 


719-99658 


9.99050 
9.99055 


9.115709. 


Tang. 


9.58914 
9.09019 
9.09123 
9.09227 
9-09330 
9-094 34 
9-093 37 
9.09040 
9.09740 
9.99345 


= 


| 


(10.9077 3 


10.91086 
10. 90981 
10. 90877 


10. 900670 
10. 90566 
10. 90463 
10. 90360 
10. 90258 
10.9015 5 


99994 
9.10049 
9.10150 
9.10252 
2.19353 


9.10454 


9. 99659, 


9. 99648 
9.99647 
9 99644; 


* 99543; 


9.99042 
9.99040, 


9. 99638 


9-99037 


532 9.11649 


9.10555 
9.10050 
9. 18825 
9.10556 

9.:0950 
9. 11056 
911155 
115 
9.11353 
9-1.1455 
9.11551 


911747 
9.11845 


[ 


10. 90053 
10. 89951 
10. 898 50 
10.89748 
10. 10.8964 


10. 10.897546 
10.9445 
10. 89344 
10.89244 
10.89144 


10. 89044 
10.88944 


10.888457 


10.887460 
10.88647 


| 


— 


Secant. 


— — — 


10.00325 
1000327 
10. 00328 
10. o03 30 
I0.00331 
I0.00333 
I0.00334 
10.00330 
10.003 38 


10. 00339 


10.0034 i 
10.00342 
10.002 4.4 


10.00345 
10.00347 


10 00349 
10. 00350 


10.003 52 
10.00353 
18.089385 


10. 91411 
10.911308 
10.91205 
10 91103 
10 91001150 


10. 99899155 
10.907985 
10 90696 


10.90595 


12904945 


9.90394 
10. 90294 
10. 90193 
10. 90094047 


10.899944 


10. 89894045 
1.89795 
10. 3969614 
10.89598 
19.59499]41 


10.00357 
10.00358 
10.00360 
10.00302 
10.00303 
10 00365 
10.00367 
10.00368 
10.00370 
10.00372 


10.00373 


= 


10. 89401 
10. 89303 
10. 89205 
10.8910) f 
10. 89010 
10.889 13 
10.888 16 
10.88719 


10.886233 
10. 88526 3 


10. 88430 
Secant. 


82 Degrees. 


* 


_—_— 


C499 1 


Tangents, and Secants. 


7 Degrees. 


— — — 


9.11666 
9.11701 
9 11857 
9 11952 


Sine. 


9.11570 


3 

9.99627 
9.99625 
9.99624 
9.99022 
9.99020 


9.12142 
9.12230 
9 12331 
9.12425 
9.1251 
912612 


219 12706 


y 799 
9.12893 
9.12985 
9.13078 
9.13171 
9.13263 


9.13447 


1913539 


9.13630 
9.13722 


n 
9.13994 
9.14085 
9.14175 
9.14266 

9.14356 


9.1204719 


913355 


9.13813 


89619 
9.99617 
9.996150 
9.09613 


9.99612 


191 9.99010 


9.99608 


9.99605 
9228502 
9.99602 
9.99000 


9.995980. 13573 


9.99599 
22225 


9 99592 
9.99591 
9.99589 
9.99588 
9.29885 


9.99582 
9.99581 
9.99579 
9.99577 
9:29575 


— 


. Sine 


Tang 


9.99607 


669.4227 
9.9954 


ö 


—— qldl— 


e 
9.12040 
9.12138 
9:12236|1 
2 
9.12428 
n 

9.12620 
9.12717 
6.12813 


———— 


9. 12909 
9.13004 
93099 
9.13194 
[9-13289 
9.43384 
9.13478 


9.13667 
9.13761 
9.13854 
9.13948 
9.14041 
9.14134 


9.14320 
9.14412 
9,14504 
9.14597 
9.14689 
9.14750 


10.880c7 
10. 87900 
10.878062 
10. 87765 
IO 87005 


10. 87572 
10.97475 
10.97379 
10.87283 
10.87187 


10. 87091 


10. 86990 
10. 86901 
10. 86806 


10. 86711 


10. 86616 


10.865 22 
10, 86427 
10. 86333 
10. 86240 


10.861406 


10. 8605 2 


10. 85059 
10.8 5860 


10.85773 


10. 85080 
10 85588] 


10. 85496 
10. 85403 
10.85312 
10. 85220 


Tang. | 


| e 


10.00373 
10.0037 
10.00377 
10.00378 
10. 00380 


0.00382 


0.00383 


10.0038 5 
10.00387 


1 1.00388 


10.003901 
10.090392 
19.00393 
I 0.00395 
I 0.00397 


10,00399 


I 0.00400j 


10.004.02 


10,00404. 


10.00405% 


—— — — 


10. 58730 
10.88334 
10 88239 
10 88143 
10. 88048 


— — — % 


10. 87953 | 


10,8785 5 
10,07704 
10.87609 
10 087575 
10. 0.87481 
10.87388 
10. 87295 
10.87201 
10. 1.87108 
10 10 87015 
10. 8692201 
10. 86829 
10.86737 


10. 00407 


0. o 
10.004 11 
10.004112 
10.004144 
10. 00416 
10.00418 


10.00410 


10.0042 
10.00423 
10.000425 


10. 86370 
10 86278 
10. 10.8187 


10. 10. 8096 


10. 86006 


10. 85915 


10.8582 5 
10.8734 


10.85045 


Secant. 


82 Degrees. 


131 


Min. 


— — poy — — — 


10 — 000 51 2 


» — 


* th. _ *** — aaa. 


[ 440 ] 


o 


* 
* 


A Table of Artificial Sines, 


8 Degrecs. 


ZE 3 Z Glo ow onſe ww ol WIN | 


9.15157 
9.15445 
9.15333 
9 15421 
9.15508 
9 15596 
9.15633 
915779 
915857 
9.15944 
9:10030 
9.16116 


19-99 


* 99575 


999574 


9.99572 
9.99570 


2449.925858 


9.99566 
9.99565 
9.99563 
9.99561 
9.995 59 


9.99557 
9.99556 
9.99554 
9.99552 
9.99550 


9.99548 
9.995 4.0 
9.99545 
9 99543 
29284. 
9.99539 
9.99537 
9.99535 
9.99533 
2228.9 
9.99530 


9.99520 
999524 
822 


9-99520 
| Sine. 


9.995280 


9.14780 
9.14872 
9.14963 
9.15054 
9.15145 


Tang. 


— — | 


10.85 220 
10.851128 
10.85037 


10. 84946 
10.848 4855 


9.15236 


53519-15327 


9.15417 
9.15508 
28898 


9 


9. 
9.10312 
9.10401 


9 
9. 168 50 
9.10928 
9.17010 
17103 
9.17190 
9.17277 
9.17303 
9:1745 


10. 84223 


2.53511 


10.83423 
10.83.335 
10.833247 
10.83159 
10.830072 


Tis A 


EE an 


. 
2 


Secant. 


10. 00425 
1000427 
10. 00428 
10. 0430 


10. 00432 


10. 84754 10. 00434 
10.846073 10. 00435 


10. 84583 110. 004.37 


10.84492;10.00439 
10.84402110.00441 


10. $4512 


10.00443 
10.0044 5 


10. 8413310. 00440 
o. 8404. . oo 44 
10.8395410.00450 
10. 0.83805 10 004.52 


410.8377 fo. 454 
10.8 3688 10.0045 


10.835 599 10. 00457 
0.90459 


10.004061 
10.004003 
10. 00465 
10.004067 
10.004068 


—ͤ — 


IO 00470 


10.828597 10. 00472 
10.82 2810 10.004741 
10. 8272310. 00470 
10. 82637 10. 00478 
010.825 500. 00480 


Pao 


1.55645 
10. 85555 
10.8 5465 


10 85370 


10 85286 
10.85197 
10.85 109 
10.8 5020 


10.84931 
10.84843 


0.84755 


10 84587 
10.845 7904. 
10.844920 
10. 84404 


10.8431 7 


10.842 30 
(0.84143 
10.84057 
10. 83970 


10.83884 


10.83797 


10.837112 


0.83626 
10.835 40 
10.93455 
10.83300 
10.83284. 
0.83199 
10.83114 
10.8 3030 


Secant. 


81 Degrets. 


—ů — 


[ 441 ] 


Tangents, and Secants. 


8 Degrees. 


Sine. Tang. | 5 Secant. 


—ůů— y — — . — —— — 
— — —— 


3009. 169700. 99520 9174500. 825 50 10 00480[10.83030[z0] 
319.1705 5.995 189. 175360 824641000482 10. 82945/2914 
32 9.1713909.995 179.1762210. 82378 10. 0048410828628 
339.7172239. 995 15/9. 17708 [10 8229210 0048510827777 
r 110 n0 NS 
35|9-1739119-9951119 17880 [10.82120|10.00489 10.82009]25 
36| 9-17 47419 9959919.17960110 82035 1110.825264 
371 9.17558 9.995%. 180510 81949 10.004930. 8244223 
38 9.17641 9.99 5059. 18 13610. 8186410 00495 10. 8135922 
3909 17724 19.9950319-19221 [10. 10.81779 10.00497 10.31276 21 
| 40 9.17807 9 99501 9. 18306 lo. 10.8 1694 10 00499[10.82193|20]. 
4119-17890 [3 99499. 1839 10.8 1609 10 00501110.82111]19 
| 42|9-17973[3-9949719.18475]10.SI525 10 00503 . 82027/18 
439.1805 50 9949619 185600 81440 10 00505110 81949117]. 
449 1813719-99494{9-1864410.91356 10 00507110 51863116 
451 9.1822013.9949219.1872» 10. $1272 10.00508|10 51750115 
46 9.183029. 99490]9 188120 81188 10 005 100. 81698 14 
4719 18383|3.99488(9-18890[10 81104 10.005 1210.8 161713 
4819-18465 9 994869. 189790 8102110. 0051410 853512 
4909. 185470. 994849 19063 10. 80937 10.00516|iO iO 81453 11 
509 18628[3-99482[9.1914.5|10. 8085410. 0518 10.8 13720 
5109. 18709) 994809. 1922910. 80771 10.00520|10.81291] g 
5219.18790[) 9947819-19312 10. 80688 10 o0522 0.81210 
539.1887100. 9947009. 19395 10.30005 ½ο 0.81129 
5419 1895219-9947419-19475|1© 80522 10 0: 00526110.81048 


8 

7 

9947491947819 8952: 10.$1048] 6 

55 9.19033 99947300 19501 15.50430 10 10 00528 10. 80968 5 
I 

3 

2 

I 

O 


c619.1911319-99470{9-1954310 80357 10. 0053010 80887 
719 19193 .99468 949925 10. 80275 10 00532 10 80807 
589.1927300 994669 19897 [10.80193 10.00534 [10. 80727 
$919.19353[9 994649 1988910 SOI17 10 005 3610. 80647 
60 9.19433 0. 9946209. T6977 0. 90029 10 00338 10.80507 


Sine | Tang. g Sccant. 


r 


Min. 


81 Deprees. | 


[ 442 ] 


A Table of Artificial — 


| 


9 wn 


[> w  - IN 


% 


S O aun 


ee 


9.21761 


Sine. 
9.19433 
9.19513 
9.19593 
9.19072 
3 
9.19830 
9.19909 
9.19988 
9.20007 


9.99402 
9.99460 
9 99458 
9 99456 
9:99454 
9.99452 
9 99450 
9.99448 
9.99446 
920145 9.99444 


9.202230 99442 
9.20302 9. 99440 
9.20380 9.99438 
9.20458 9.99436 
920535 9 99+ 99434 


9.20613 9.99432 
9.20691 9.99430 
9.20708 [9.99427 
9.20845 9.99425 
9.2092219:99423 
9-2099919-99451 
9.2107619.99419 
9:2115319-99417 
9.2122919-99415 
9.2130619.99413 
9.2138219.99411 
9 214589.99409 
9.21534 
9.21010 
9.21685 


9.99405 
9.99492 
e de 


Sine. 


9.994076 


| Tang. 


—— ——— — 


99975 
9.20053 
n 
9.20216 
9.20297 
9 20378 
9 29459 
9. 205340 
9.20021 
9.20701 
9.20782 
9.20862 
9.20942 
9.21022 
9.21102 


— — 


9.21182 
9.21261 
n 
9.21420 
9 21499 
9.21578 
9.21657 
9.21736 
9.21814 
9.21593 
9.2197 
9 £2049 
22127 
9.22205 
9.22283 


9.22301 


| 


— — 


10. 80029 


10.79 947 
10.79866 
10 79794 
10 79703 


Secant. 


10 00538 


10.005 40 


10 00542; 


10.005 44 
10 00546} 


10.80567 
10 80488 
10. 80408 
10. 80328 


10. 80 249 


1079522 
e 
10.7940 
1879379 


10.292000 


10.79218 
10.79138 
10.7905 8 


10. 78978 


10. 78898 
10.78819 
10.75739 


10.78660|10.00572 


10.78580 
I0.78;01 
10.784.22 
10 78343 
10 78264 
1078186 
10.781107 


dosen 
ids 


10. 00552 


10.095 54 
10.005 55 
10. 0958 
10. 05 60 
10.005 62 
o. 0564 
10. 00565 
10.00568 
10.00571 


10 00575 


10.09577] 


10.005709 
IO 00581 
10.0058? 
10.00595 
10 00587 


10 78029 
10.77951 
10.7773 
10 77795 
10.7777 
10 77039 


- „Tang. 


10.005 89 
10.0059 
10.0059? 
10.00590 
10 00598 
10. oo 


— —— 


10 80170 
10.50091 
10.3001 2 


1.79933 
10 79855 
10 IREEL 
10.79698 
10.79020 
10/95 44 
10.2945 


10. 79387 
10 79309] 


10. 79232 
10.7915) 
10. 29078 
10.709001 
10.78924 
10.7884 


10.7877 


10 78695 
10.78618 


10.78 542 
10.7 8466 
10.78 390 


10.7831 5 


10.7 8239 


Secant. 


* 


_—_ 


80 Degrees. 


[ 443 ] 


Tangents, and Secants. 


9 Degrees. 


— — — 


9.99400 
9.993998 
9.99396 
9.99394 
2223285 
9.99390 
9.99388 
9.99385 
9 99393 
999351 
9 99379 
9 99377 
9.99375 
9 99373 
9.99370 
9-99305 
9.99366 
[9-99304 
9.99302 
9.99359 


Tang. 


9.22301 
9.22438 
9.22516 
922793 


9 22070 


— — | 


922747 
9.22824 


9.22901 
2.22977 
223054 


9-23359 


2:23435 
9.23510 
9.23580 
9.23061 


923737 
9.23812 


999357 


319 24037 


9.24484 
9.24632 


9.23887 
9.23902 


9.24112 
9.24187 
924261 
9.24335 


9.24410 


9.24558 


10 77407 
10 77330 
10 77253 


1 


10.77639 
10.77502 
10.77494 


1077176 


10.77099/ 


10.77023 
10.76940 


10.760870; 


10.7704 
10. 76717 10.0062 5 
10 76641 
10 76566 


10 00630 


Secant. | 


10.00000 
10,00002 
I0.00004. 
10 00606 
10. 00608 


10. 00610 
10 00013 
10.0091 5 
10.0001 7 
I0.00019 


— 


10 00621 
10 00023 


10 00028 


10 76490, 10.0003 2 


10 70414 
10 70339 


10 76263 


10.76188 


10.70113 
10.76038 
10 75903 
10.75888 
1025814 
1975739 
10 75665 
19.753590 
10.75 516 


10 75442 
10 75368 


10 00634 
10. 00636 
1000638 
10.0064 1 


10.78239 
1078164 
10 78088 
10.780 13 
—77938 
10.7780; 
0.77789 


10.7774 
10.77639 


$9:77595 
10.77491 


2977417 
18.7743 
10 77269 
1077122 
10.77048 


10. 76975 


10.766902 
10 76829 


10.0004 3 
10.00045 


10.0064.7| 


10.00049 
10 00652 


10 00654 


10.006506 
10 00658 
10. 00660 
10 00063 


10 00665 


10.767 56 


10. 76683 


10.763903 


10 76321 
10 76249 
10 76177 
10. 76105 
10.76033 


Secant. 


80 Degrees. 


„Tang... 


Min. 


js 


| © * — | a 00\O ol 


* 


[ 444 ] 


115 A Table of Artificial Sines, 


10 Degrees, 


2 — „ MN. ot 


Sine. 


—  —— 


9.2390719-99335 
9.2403919-99333 
9.2411019.99331 
9.241819 99328 
9.2425319-99320 
9.2432419-99324 
9.2439519 99322 
9.2440619.99320 
9.245 3019-99317 
9:2400719:9931'5 
9.2407819.99313 
9.24748 9.99310 
9.24818 9.99308 
9.24888 9.99306 
9:24958 9 99304 
9.25028 9.99301 
9.25098 9.99299 
9.25168 9.99297 
9.25237 9.99294 
e \ ee e 
9.253769. 99290 
9.25445 9.99288 
9.255 14.9928 5 
9.25583 9.99283 
g 2505219.99281 
9 2572119.99278 
9.257909. 99276 
9 2585819.99274 
9.259270. 99271 
9.259959. 99270 
9. 260639 99267 


Sine. 


| 


Tang. 


9246321 75358 


92470610. 75294 


9-247 7912/5221 
9.248530 75147 
9.24926110-75074 
9 25000[10.7 500O 
925073110 74927 
9.25146[10.74854 
9.25219110.74781 


9.25292[10 74708] 


Secant, | 


10 0066510. 76033 
10.006670 75961 
10 00669 I0.75890 
10.00672|10.75819 
10 00674110.75747 
10.00676[10.75676 
10.00078|10.75605 
10.0008110.75534 
10.00083[10.75464 
10.00685 [10 75393 


9.25365110.74635 


9.25437110-74503| 


9.255 10010. 74490 
9.25 58210. 74418 
9-25055119:74345 


10.00087110.754323 
10.00090[10.75252 
10.00092 [10.75182 
10.00094 IO.75112 
10.00096 [10.75042 


eee 
ieee 
9 25871110.74129 
9:23945 09-7495 7 
9 2601 510.7398 5 
9.26086110.73914. 
9.20158[10 73842 
9.26229 IO 73771 
9.263011[10.73700 
9.26372110.73028 


9 20443110 73557 
9.2651410.7 3486 
g 20585110.73415 
9.26656j10 73345 
9.26726[10.73274 


920797 10.73203 


Tang. | 


10 00699 |10.74972 
I0,007O0L JIO 74902 


10.00703 [10.74832 
10.00706|10.74703 
10.00708110.74693 


— — 


10.007 1010.740624 


10.007150. 74486 
10.00717110.74417 
10 0071911074345 
10.00722j10.74279 
100072410. 74210 
10.007260. 74142 
10.007290. 74073 
ieee 
10.00733 [1073937 
Secant. 


10 0071310. 74555 


79 Degrees. i 


[ 445 ] 


2 — f IR 


1 -Tangents, and Secants 


— — 


10 Degrees. 


Sine. Tang. IH Secant. 


—— 1 —äñä — . — ⏑—k—ũ— . — 


30,9. 26063 9.99257 9.28707 1073263 10:00733/10:73937| 30 
319.2613 109.99264 9.26867 10.731330 10.007 36010. 73869 29 
3219.261999. 99262 9.269380 10. 7 3063 10.007 3810.738010 28 
3309 262679. 99260 9. 270080 10. 7299210. 0074010. 73733271 
34 9:2033519-992571 927078 10:72922] 10.00743]10.73665| 26 
35] 9-2040319-99255|9-27148|10.72852[10.00745110.73597| 25| 
369. 264709. 9925 309.2721810. 727820 10. 00748010. 735 30024 
379.265 3809.992500 9.272880 10.727120 10. 007 50010. 73462023 


38] 9.266059. 99248 9.27357 10. 72643 10. o07 52.10. 733952227 i 
39] 9:2667219-99245|9-27427] 10-72573]19.90755110-73328| 21} = Ji, 
| 40] 9.267 39 9.9924309.27 406 1.7254 10.0% 57/0. 7 3251 20 100 

1 


[41] 9.26807 9.992419. 2756610.72434 10. oo 5910. 7319419 
429.2687 309. 992389. 2763 5 10. 72365 10.007620. 7312718 1 
431 9.26940, 9. 9923609. 2770410. 7229610. 0076410. 7 3060017 1 
| 441 :27097|9:9923419-27773| 19:72227119.00767110.729931 16 it 
45 9.270749. 9923 109.2784210. 721580 10.006910. 7292715 . 
469.27 1409.992299. 27911010. 2089 10.0077 110. 72860 14 Fe | 
[47]9.27206|9.99226|9.27980| 10.72020[10.00774[10.72794| 13} _ ml 
48] 9.2727319-99224|9-28049] 10.71951|10.00776[10.72727] 12] 
4919 2733919-9922119-28117110.71883[10.00779|t0.72661| 11 
50 9.274059. 9921909 28186]10.71814|10.00781110.72595| 10 
519.2747109. 992 179.2825410. 174610. 008 310. 72529 
5209.275870 9.992149.28323 10.1678 10.0786 10.72463 
5309.276029. 9921249 28391010. 1609 10.007880. 72398 
549. 27668 9.902099 2845010. 1541 10. 0079101022332 
5509.277349. 992079. 285 2710. 147310. 0079310. 72266 
569.2779909. 992049. 28595 10 71405 10.007960. 72201 
1579. 278649.99 2029.286620 10.7 1338 10. 00798010. 72136 
5809.279300 9.992000 9.28730 10.7 1270 10.00800[10.72070 
5909.279959. 991979. 2879810. 7 1202 10. 0080310. 7 2005 
60 9. 280609.99 195/90 2886510. 10.1135 10.00805|10.71940 


I Sine. | x, ON Tang. | | Secant. 


— 


| Min. o es os 


ö 


_ 


1 0 79 Daren : 8 


G g 
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A Table of Artificial Sines, TE 


11 Degrees. 


_ 


[ 


p 


Sine. 


9.28060 
9.28125 
9.25190 


9 32319 
9.28384 
9.28448 
9.28512 
928577 
9.28641 


1 3 — of "WIN. 


— 
— 


12 


— 
Va 


7 


9.29705 
9.28709 


9.28960 


99 
9.29087 
9.29150 
9.29214 
22 
2.2931 
90 
9.29460 
19 #259 
a= 95 95 
9.29054 
9.29716 
3 
9.29841 
9.29903 
9.29960 


9.99195 
9.99192 
9.991904 
9.99187 
9-99135 
9.99182 
9.99180 
9 99177 
9.99175 
| 4 4 Ad fem 
9-99170 
9.99167 
9.2883319.99165 
9 288969.99162 
9.99160 
9.9915719- 
9-99155 
9: 99152 
9.99150 
9.99147 
9.99145 
9.99142 
9.99140 
9.99137 
9.99535 
9.99132 
9.99130 
9.99127 
9.99124 
9.99122 
9.99119 


Sine. 


Tang. 


9.28865 
9.28944 
9 29000 
9. 29067 
9 29134 
9.29201 
9.29208 
9-29335 
9.29402 
92948 
9.29535 
9.29601 
9.29668 


9 


9.30201 
9 39326 
9.30391 
930457 
9.30522 


9.30052 
9.30717 
9.30782 
9.30846 


| 


9-29734 


9.30587 


10. 71135 
10.71067 
10.71000 
10.70933 
10.70866 
10.7799 
10 70732 
10. 70665 
10. 70598 
1070532 
10. 70465 
19.709399 
10.70332 
10 70266 
10. 70200 


— (v— 


10 70134 
2 10. 70068 
10. 70002 


10.69283 
10 69218 
10.69154 
N 


Secant. 


. — _ 


10.00805 
10.00808 
10,00810 
10.00813 
I0.00815 


10.71940 
10.71875 
10.71810 
10.71746 
10 71681 


10.00818 
10.008 20 
I10.00823 
10 00825 
10 00828 


10 00830 
10.00833 
10 00835 
10.008 38 
10.00840 


— — — 


10.00843 
10.0084; 
10.00848 
10.00850 
10 00853 


— — — 


510. 0085 5 
10. 00858 
10.00860 
10,00863 

3] 10.00865 


10.00868 
10.00871 
10.00873 
10.00876 
10.00878 
10.00881 


10. 71616 
10.71552 


10.71488| 


10.71423 
187289 
das Ara: + 
10.71231 
10.71167 


10.71104 


10. 71040 
10. 70976 


| [0.70913 


10.708 50 
10. 70786 
10 70723 
10. 70660 


10. 70597 


10.705 34 
10.70471 


10. 70409 


10. 70346 
10. 70284 
10. 70221 


10.701 69 


10. 70097 


10.7003 5 


| Secant. 


1 2 . 


3 


1 


— 


a7]. 


2 8 — 


— 


Tangents, and Secants, 


11 Degrees. 


| 


9.29966 
9.30028 
9.30090 
9.30151 
9:39213 
929875 
9 30336 


i 5.3076; 


9. 3 1060 
„KE 31129 
9.31189 


9.31250 


9.31310 
9.31370 
9-31430 
9.31490 
9.31550 
9.31609 
9.31669 
9.31728 


Sine. 


9.99112 


9.99106 
9.99104 


809.9910109. 
9.990999. 


2 


Tang. 


9.991199. 30846 
9.991 1719-3091 I 
999 1 


299109931104 


9-9999619-31425 


9.99093 
9.99091 
9.99088 


9.99067 
9.99062 
299057 
9.99054 
9.99051 


9.99046 
9.99043 


9.31788 


Sine. 


9.32122 


9.990640 32185 


9.32248 


9.990599 271 


2.32222 


9•32498 


9.990499. 32501 


9.32023 
9.32685 


2:9994919 327471 19:6 
| 


9.32436 


10. 10.691 54 54 
10.69089 
10.69025 
10.68960 
10.08896 


10. 10.6882 


10.68 767 


10. 68703 
10.668639 
10.685750 
10.685 12 
10.68448 


| 10.08384. 
9.99080[9.31680 
9-9999319-31743 
9.9908019.31806| 
9.9907819. 
19999759 
992997202 
9-9907019-32059 


10.68321 
10.68257 


— — — —— | 


10.687194 
10.68 130 


10. 68067 
o. 68004 
10.67941 


10.67878 
10.67815 


10.07752| 


10.07689 
10.676027 


4. Secant. 


— —— — 


10.000881 
10. 00883 


10. 08860. 6961102 
10.008890. 69849 


10. 00891 


10. 00894 10.697 25 
10.089610. 69664 


10. oo 89 
10. ooo 


10. oog oꝗſto. 69479 


10. 0090710. 16.5947 8 
10. oo 
10.00912|10, .69296 1 


I0.00915 
10.0091 7] 


I 0.00922 
10. oo925 


10. 00928 
10. 00930 


— — — 


10. 0933 
10. 00936 


10. 00938 


10.009410. 6 
10. 094410. 68570 


10.675664 
10. 97502 
10.607439 


10. 67377 10.00954110.68371 


10.67315 


10.67253 10. 10.00900 10.08212 
Tang. A 


10. 0946.1. 68 5 10 
10.00949 10.68451 


10. 095 2 


10.00957 


10.70035 
10.69972 


10.69787 


10.69602 
0.09541 


10.69357 
10. 69235 


10.6905 3 


TIT 
10.68751 


10.68630 


[10.68391 


10.08272 


Secant. 


* 


5 78 Degrees. 


10. 10.69174 e 
10.0092 69113 


10.689920 


10.689320 12 
10.688711 


10. 68690 


— 


Min. E — ele. 


TT 


it bk 


PRs” 8 . n 4 ——— * 
— — 7˖*—n— A2 A — —— —— — —— — 
* 


2 —— =] ul [ 


11209 32495 


e 
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A Table of Artificial Sines, . 


12 Degrees. 


Sine. 


9.31788 
9.31847 
3 31907 
9.31906 
"Fat: 
9.32084 
9-32143 


3 


9.99045 
9.99038 
9.99035 
9.99032 


| 


9.99030 


9.99027 
9.99024 
9 99022 
9.99019 


9.3237 
19-32437 


9-32553 
9.32612 


32201 
9:32319]9-99016 


9.99013 
9.99011 
9.99008 
9.99985 


[229095 


9.32670 


9. 9.32960 
9.33018 
9 33075 
9 33133 
93319992 
9.33248 
9.33305 
9.33362 
9.33420 
9.33477 
23384 


2 4 


9.32728 9.58957 
9. 1455 9.98 5994 
9.32844j9.98 59921 
9.3290219.98989 


9.99000 


9.98986 
9.98983 
9.98980 
9.98978 
9.98975 
9.98972 
9.98969 
9.98907 
9.98964 
9. 5 
9.98958 


9-33057 
9-33119 


| TS: | 


9. 32747 


10. 10.6725 3 


9.32810] 10.671917 


9 328720 
932933 
932995 


9.33180 


9.33242 
9.33303 
9 33365 


9.33426 
9.33487 
9.33548 


933009] 10. 


9.33670 


9 33731 


Sine. 


4 


9.33792 
9.33853 


9.33913 


9.33974 
9.34034 
9.34095 
9.34155 
9.34216 
9.34276 
9.34330 
9.34396 


9.34450 


9.34516 


9.34570 


10.67129 
10.67007 
10.67005 


10. 10.669094 


10 66881 


10.668 20 
10. 66758 
10.6669 
10.6635 
10.66574 
10.665 13 
10.6645 2 
10.6391 


10 10 66330 
10. 66269 
10. 66208 
10.666147 
10 66087 


10.656026 
10. 65966 
10.65905 
10.6584 
10.6785 
10.65724 
10.656664 
10. 65604 
10.65 544 
10.65484 
10.654295 


Tang. 


10.00960| 


Secant. 


10.00962 
10.00965 
10.00908 
10.00970 


10.0097 3 
10.00970 


10.00978 
10 00981 


10 10 00984 


10.00987 
10.00989 
10 00992 


10.,00995 
10,00998 


IO0,01000 


10.01003 


10.01006 
10.01009 
100 01011 


— — 


10.01014. 


10.01017 


l 0.01020! 


10.01022 
10.01025 


— 


10.01028 
10.01031 


10.0 1034 


10.010366 
10. 01039 
1001042 


10.68212 
10. 68153 


10.67857 


10.67681 
| 


| 10.67563 
10,07505 


10.67447 
10.67388 


10.68093 
10. 680340 


10. 67974 
10.67916 


10.67798 
10.07739 


Ons 


10.67156 
10.67098 
10. 10.67040 
10.66982 
10.66925 
10 66867 
10.66810 


10.6675 2 


10.66638 
10.66580 
10.66523 
10. 10.66466 


| "Secant. 


10.67330 
| 10.67272 
10.67214 


10.66695|: 


77 7 Dares 


[449] 


"Tangents and Secants. 


— 


12 8 | 


54) 
5519-34 349341 9.98887 
| 56, 9-34989] 9. 28295 
57 9.3 50449. yy 8881 

58 9.35099 9.98878 
59 9.35 1549.988759 
22.322092 9 8 25 36336 


69.344369 


Sine. 
1 
9.33534 
9.33591 
9-33048 
9 33704 
9 33701 


9.33818 
9.33874 
9 33931 
9-33997 
9.34043 
9 34100 


9-341 5619-98927 
9.34212 
9 34208 
441 2:34374 


9-34380 


9:3449119 
934547 
9.34602 
9.34058 
9-34713 
9-34709 


| ” 


Tang. 


9.34570 10.6: 
9.34635 
9.34695 


9.98958 
9.98955 
9.98953 
9.98950 
9.98947 
9.98944 
9.98941 
9.98938 
9.98936 
9228933 
9.98930 


23481419. 
934874 
9.34933 
9.34992 
9.35051 
9.35111 
9.35 70 
9.35229 
9-98924(9.35288 
9.9892119.35347 
9-9891919.35405 
9.98916|9.35464| 

9.9891319.35523 

9.98910 
9.98907 
9.98904 
9.9890119.35757 
9.98899] 9.35815 
9.98896.9.35873 


9-35040 
92389298 


9.34824 


1 


934879 


9.98893 


9.98890]9.35989 


9.36047 
9.36105 
119.30103 
9, 36281 

36279 


Sine. 


9.347550 


9.35581 


9-359310 


ö 


10. 8572 
10.65 365 
10. 65 305 

0.65246 
10.05180 
10. 10.65127 
10.65067 


10.65008 
10.6494 

[0.04889 

10.504830 
10.6477 
10.04712 
10.04654 
10.64595| 


10. 10.645 36 


10.64478 
10. 64419 


10.64302 
10.64243 


10. 64360 


| 10.01104 


37|10.01119 


10.01128 


Secant. | 


10. 1001042 10.66466(30 
10,01045|[10. 66409 
10.01048| 10.6635 3 


10.01050, 


10.56296 


10. 0.01053, 10. 1.06239 
10. 0.01056 10. 10.667183 


I0.01059 
10.01062 
10.0 1064 
10. 01067 


10.0 1070 
10.0 1073 


10. 66126 
10 66069 
10.6601 3 
10.65957 
10.65900 
10.05844 


10. 1076 10.65 788 


10.01079 
10.010811 


10 01084 
10.01087 
10. o 1090 
10. o 1093 
10. o 1096 


10.01099 
10.01102 


10.01107 
I0.0II10 


10.01113 
10.01116 


10.01122 
10.01125 


—̃ä — 


=] 


10.65732 


10.65676 


10. 65620 


10. 33 5 


10.65 509 
10.654583 
10.65398 
10.65342 
10.65287 
10.65231 
10.65 176 
10.685121 
10.559056 
10.650 11 
10.640 56 


Secant. 


10 


| 


77 Degrees, | 


þ 
Ly 


ene 000 


A Min. 25 e 


8 3 
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[450] 


"A Table E ee Smes, 


132 


Degree 


— 


— — "UN 


— 
. 


Sine. 


9.3531 
9.35373 
2 33477 


own 


9.35209 ; 
9-35204 


— r eee 


1 Tang. 


9.36336 
9.36394 
9. 3645211 
9.30509 


9.30566 


9.36624 


9.30681 


9.30738 
9.30795 
9.36852 


10.635654 
10 63606 
10.63548 


10.63491 
10.03434 
10.03376 
10.03319 
10.63262 
10.63205 
10.63 148 


9.36909 
9.36966 


9.37023 


10.63091 
10.63034 
10.6297 


Secant. 


— —— 


10.01 128 
10.0113 1 
10.01133 
10.011306 
1001139 


10.01142 
1001145 
10.001148 
1001151 


1001154 


1001157 
10.01 160 
1001163 


10 64791 
10.04737 
10.0468 2]; 
10 64627 
10 64573 


10. 10.645 19 
10.64464 


10.6440 
10.643 56 


10.64 140 
10.664086 
10.64032 
10.03979 
10.03925]. 
10.63871 
10.03818 
10. 19.637064 


9.37080 
—. 222237 
937193 

9.37250 
9-98822 9.37300 
9.988199. 37363 
9 9881619-37 37419 


10.62920 
10.02863| 
10.02807 
10.62750 
10.62694. 
10.62637 
10.62581 


10.01166 
10.01 169 


IO 01172 
1001175 
10.01178 
1001181 
10.1184 


= [1419 35968 [9-94 
= : 159.3602209. 

in 11609 .36075 
„ _ [1719 36129 
. 1809.360182 
ö 1919-30236 


[ 
| _ 11319-35914 
| 
| 


{19-9 725 


8810 


9. 


9- 98815, 9.37476 
9.37532 
937588 
9.37044 
9.37700 


9.37756 
9.37812 
9.37868 

937924 
9.37980 
2625 825 


10.652524 
10.624608 
10.624112 
10.623 56 
10 62300 


10.662188 
10.62132 
10. 62076 
10. 62020 
10. 61965 
| Tang. 


10.62244| 


L 05 


10. 10.0118 
10. 01190 
10.01193 
10.0 1196 
10.0119 


——ñů — 


10 01202 
10.001205 
10.01208 
10.01211 
10.01214 
1001217 


10.653711 
10.663658 
10.63605 
10.635 5 2 
10. 1.63498 


10.6345 
10.63 393 


10.63 340 
10.63287 


10.63234 


10.63 182 


Secant. 


75 De re. 


2 — 


PI 


[451] 


——_ 


r 


Tangents, and Secants. 


— 


nw 


13 Degrees, | 


9.98783 
9.98780 
9 99777 
9.98774 


Tang, 


4 


9.38035 
9.38091 
9-38 147 
9.38 202 


9.98768 
9.98765 
9.98762 
9.98759 
928750 
9.98753 
9.98750 
9.98747 
9.98743 
9.2824 
9.98737 
9.98734 
9.98731 
9.98728 
619:98725 


9.38313 
9.38368 


9.38423 


938534 
9.38589 
9.38644 
9.38699 
9.38754 
9.38808 
9.38863 
9.38918 
9.38972 
9.39027 
9.39082 


9.38258 


10.6 
10.01466 


10.01411 


9-35479] 


= u— — 


10.618653 
10.61798 


1.61743 


— 


Secant. 


——— — — — — 


10.01217, 10.63182 


ppt per 
10.01223| 


10 63129 
10.63076 


10.01226|10.63024 
10.01229 10.6292 


10.61687 


10.61632 
0.61577 


1521 


10.61356 


depth 


10.61246 


10.651192 


10.61137 
10.01082 


10.61028 
10. 60973 


10.609 19 


9.39136 
9.39190 
01 9.39245 
9.39299 
9:39335 
9.39407 
9.39401 
9-39515 
9-39569 
9.39623 


10. 60864 


10. 608 10 
10.6075 5 


10. 60701 
10.6045 


10. 60593 
10.605 39 


10. 6048 5 
10.6043 1 
10. 60377 


10.60323 


| Tang. | 


10.01232 10. 62919 


10.0123 5 
0.01238 


10.012411 


1001244 


10. 01247 
10.0 1250 
10.001254 
1001257 
10.01 260 


10 01263 
10.01266 
10.01269 
10.01272 
10.01275 


10.01278 
10.01281 
10.0 1285 
10.01288 
10.01291 


10.01294. 
10.01297 
10.01300 
10.01303 
10.0 1306 
10.0 1310 


10.62867 
10 62815 
10.62763 
10.627101 

1 
10. 62607 
10.625 5 5 
10. 62503 


10.6245 
10. 62400 
10.62348 
10.62297 
10.62245 


10.62194 
10.62142 
10. 62091 
10. 62040 


10.61887 
10.61836 
10.6178 5 
10.617344 
10.61683 
10.61633 


——————_—_ Rees 


| Secant. 


76 Degrees. 


VB. 
* a. 
— 


7 


or 
9 


— 


Y 
I — — — 
PI ey 
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A Table of Artificial Sines, 
| 14 Degrees. ; 


a 


—— —_— 


W. 


81 ww 8888 w — o | em 


Sine. Tang. Secant. 


9. 38368 9.98690 9.39677 10. 60323 10.01 3 710 10,6163 3060 
9.38418 9.9868 79.397310 10 6026910 013130 10.61582]59 
9.38469 9.986849. 3978 510.602 15 10.013 16610.6153 1058 
9.385 199.9868 109.398 380 10.501620 10.013 19010 61481057 
9.385709.9867 89.398920 10.501081. 1322010 6143000 


9. 9.38620 9.98675 9-39946 10.60055|10.01325j10. 2.61380 5 5 
9.38670 9,9867 109.3999910. 600010. o 132910. 613 30054 
9.387219. 9866809. 4005 2010. 59948 10.013320 1061279053 
9 3877 19.986659. 40 10610. 59894 10.013350 10. 61229052 
938821 9. 98662 9.401 59] 10.59841] 10.01 338} 10. 10.01179 51 
9.38871 9.98659 9.402120 10.59788 10.013411 10. 10.61129 50 
9.3892 19.986569. 40266 10. 5973410. 0134510. 61079049 
120 3897 109.9865 209.4031910. 5968 1010.013480 10.6 1029048 
9.3902 109. 98649 9.40372 10.596280 10.0135 110. 60979047 
| 1419 39971| 9-98646]9-4042510-59575|10.01354110.60929]4 
.  [15]9-3912119.98643[9-40478]10.59522[10 01357110.60879]4; | 
; 9.3917019.98640|9.40531110.59469]10.01361|10.60830]44 
| 9.392201]9.98636[9.40584j10.59416| 10.01 364|10. 60780 4.3 
9.392709 98633[9.40036[10.59364|10.01367]10 60731]42 
9.39319[9.98630[g. 9.40689 10.5931 1010.013010. 6068 1041 
4209.393699. 986279. 4074210. 592580 10.013731 10.6063 2040 
J219.39418 9.98623 9.40795 10.592060 10.013770. 6058 2039 
2209.394679. 9862009 40847] 10.591530 10.0 1380 10.605 33388 
239.395 179.986 179. 40900 10. 59100 10.013831 10. 60483037 
24 9.39506 9.98614 9-49952110-59048| 10.01 386|10.60434[36 
12519-39615]9.98610[9.41005| 10.589956 10.01 390] 10.6038; 35 
2619 39664 9.986079. 405710. 5894310. 0139310.60336ʃ34 
279.3971319. 98604 9.41 109 10.5889 1010.013960 10. 6028733 
4289.397629. 9860 19.411620 10.588 390 10. 01399 10.6023 8032 
209.398 119.98 5979. 41214010. 587866 10. 01403 10. 6018931 
309.39860 9985949426510. 5 10. 98734010. 9.901408 10.60 140030 
one. -1-.-. 4 Re 2 | Secant. 
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| Tangents, and Secants. 


14 


Ne. | 


" 
85 Sine. 


32 9.39958 


34 9.49955 
35|9-40104 
36 940152 
37 9.40201 
389 49249 
39248222 


9.39500 
9.30909 


9.40000 


9.98594 
9.98591 
9.98588 
9.98584 
9.98581 
9.98578 
9-98575 
9.98571 
9.98508 
9.98505 


409 49340 


4219-40442 
43] 9:4949© 
44|9 49535 


{ 4519-49580 
| 46]9-49034 
47% 49882] 
4809 40730 
14919-42773 


5609.41111 
5719-41158 


| 5819.41205 


599.4252 
9.41300 


88 


9.40394 


9.98561 
9.98558 


9.985 55 
9.985 51 


9.98348 
9.98545 
9.98541 
9.98538 
9.98535 
9.98531 
9.98528 
9.98525 
9.985 21 
9.98518 
22885 
9.98511 
9.98508 
9.98505 
9.98501 
9 98498 
9:98494 


Sine. 


Tang. 


9 4126610. N 10 10. 67706 
9.41318 [10.5 8682 10. 01409 
9.41370 10. 5863010 01412 
9.41422 010.585 78 1001416 
9.41474 j10.58520110.01419 
94152610 58474 10.01422 
9.41578 105842310 01420 


9.41629]10. 58371 
9.41681 


10 0 429 
10. 58319 1001432 


94173300. 1.58207 10. 01435 
9.41784110.58216j10.01439 
9.4183610.58 1640 01442 
9.41887110.58113 1001445 
9 4193910 58061 [10 01449 
9.41990 10 58010 0 01452 


9.42042119 57959 10.01455 


9.420931]10 57907 


10 01459 


9.42 14410 57856 0.01462 
9 42195 10.578805 0.01465 
9.42246 1.57754 [10.01469 
9.42297110-57703 10.01472 
9 42348|10.57052 [10.01475 
9 42399110.57001 [10.01479 
9.42450|10.57550[10.01482 


9.42501 


10 57499 1.01485 


9.42552110-57448 [0.01439 
9.42603[10-57397 [10.01492 
9.4265 3119-57347 [10-01496 
9 42704 [10.57296 [10.01499 


9-42755 
dee, 


10.57245 flo 01502 
10.57195 [lo 01506 
| . 


Secant. 


| 


10.60140 
10 60091 
1060043 


10 59994 
19.59945]26 


10.59897 
110.59848 
10.59800 
I0.59751 
19.59703 
10.59055| 
10 59606 
10.59558 
10. 59510 
10. 59462 
18.3971 
10.593661 
10. 59318 
10. 59270 
1.59222 


1859175 
10.59127 
10. 59079 
10.59032 
0.58984 
10.58937 
10. 58889 
10.588420 
10. 55795 
10.58748 
10.58700 


Secant. | 


— — 
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A Table of Artificial Sines, 


15 Degrees. 


1 un ln » - of WW_| 


4 


Sine. 


0 


9. 41300 
9.41347 
9-41394 
9.41441 
9.41488 
9-41535 
9.41582 
9.41628 
9.41675 
9.41722 
9.41768 
9.41815 
9 41862 
9.41908 
9:41934 
9.42001 


1619.42047 
11 9.42093 


819 42140 


199 42186 
2019-4.2232 
_ [2119-42278 
22 
*2 
| 24 
| 25 
26 
127 
1428 
29 
130 


942324 
9.42370 
9 42416 
9.42462 
9.42507 
942553 
9.42599 
9.42044 
942690 


| 


9.98494 
9.98491 
9.98482 
g. 98451 
755 98481 
9.98477 
9.98474 
9.98471 
9.98407 
9.98404 


2 98460 
9.98457 


| 


9.42805 
9.42856 
9.42900 
9.42957 
9-43007 
Q-43057 
9.43108 
9 43x58 
9.43208 
9.43258 


Tang. 


10. 57195 
0.57144 
10. 57094 
10 57043 
1056993 


[0.50943 


10 56893 
10. 56842 
10.656792 
10.56742 


9.98454 
9.98450 
9.98447 
9.98443 
9.958440 
9.98430 
998433 
9.99429 


9.43308 
9.43358 
9.43408 
9.43458 
9-43508 
9 43558 
9.43607 
9 43057 
9.43707 
943756 


9.98426 
9.98422 
9.98419 
9.98416 
9.95412 
9.98409 
9.98405 
9.98402 
9.98398 
9 98507 
9 98391 


| Sine. 


9. 9.43806 
9.4385 5 
943905 
9.43954 
n 


9 44053 


9 44102 
9 44151 
9 44201 
9.44250 
19-4429 


10.55092 
10. 56642 
10. 56592 
10. 56542 
10. 56492 
10.565442 
10.856393 
10 56343 
10. 56293 
1.56244 
10.561794 
10. 56145 


10 56095 
10. 56046 


10.559925 


10.559047 


10. 55898 
10.5 5849 
10 55799 
10-55 739 
10.55701 


| Tang. 


10 01506 


10.1509 


1001812 
10.01516 
10.01519 


10.01523 
10.01526 
10.01529 
10.01533 
10.01536 
10.01540 


10.01543 


10.01547 
[0.01550 


10.01553 


10 01557 
10.0 1560 
10.015664 
10 01567 
10.019571 


10.01574 
10 01578 


10.01581 
1001585 
10 01588 
10.01592 


0.01595 
10.01 599 


10.0 1602 
10 01605 
10. o 1609 


Secant. 


| — — — 


10.58700 
10.58653 
10.5 8606 
10 53559 
10. 1.58812 
10.5846; 
t0.53419] 


10.58372 


10.58325 
10.8278 
10.58232 


10. 58185 


IO 5813948 
10.5 809247 
10. 5 8046 46 
19.57999 
19.579523 
19557297 
10.5786 


10.57722 
0. 57676 


10. 57030 37 
10. 1057584 30 


10.57539 35 
10.57493 34 
19-57447, 33 
10.5740 1 32 
10.57356 31] 
10.57310 30 


74 Degrees. 


Secant. 1 
. 


2 


5 o > 
—— 


9 


771 


[ 
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Tangents, and Secants. 


— 


13 


Degrees. 


Sine. | 


9.42690 
942725 
9.42781 
9.42826 
242872 
942917 

9 42962 
9.43008 
9.43053 
948098 
943143 


9-43 188 


9.43233 
943278 
9:43525 
9.43368 
9.43412 
9.43457 
9.43 502 


9-43540 


9 43591 
9 43035 
9.43680 
9 43724 
9.43513 
9.43857 
9.43901 
9.43946 
9.43990 


9.44034 


Tang. 


9-9839119-442991 10.55701 


9.983851 9.44345 
9.9838419-44397 
9. 98555 


9.983771 9: 944495 


5 5:9837419-44 944344 19-53457 
10.5 5408 


9.9837019.44592 
g 98360 9.44041 
9.983639 44090 
9-9835919 44738 
9.9835<}9-44787 
9.9835219-44830 
9.98345] 9-44884 
9.9834519-44933 
9:95342[9-44951 
9.983389.45029 
9-98335]9-45078 
9.9833119.45126 
9.9832719-45174 
9.98324 9.45223 
9.983 2006.45 271 
9.983 179.453 19 
9.983 1309.45367 
9.983099 45415 


9.98300[9.45403 
9.983029. 45511 
9.98 2999.455590 
9.982951 9.45006 


9.43054 


9.98288{9.45702 
9-9823419 45750 


| 
10.55052 


0.535505 


10.55359 


10.55310 
10.55 262 


10.55213 


10 55164 
10.55 116 
10. 5 5067 


10.5 5019 


10.5 5603 
9.44440[10.55554 


Fa | 


Secant. | 


— — 


10. 01609 
10.011612 
IO 01616 
1001620 
10.001623 


1001627 
10.01030 
10.01634 
10 01637 
10 o1641 


10.01644 
10 01648 
10 01651 
10.016575 
10.016958 


10.5497 
10.54922 
10. 54874 
10.548206 
9 $477 


10.54729 
10.54081 
10.54033 
10-54585 
10.54489 
9.3444 
10.54394 
10. 54340 
10.54298 
10.54250 


10.01662| 
10.01606 
10,01669 
10.01672 
10.01676 


10.57310 


10.57219 
10.57174 
10.57128 


10.57083 


10.50993 
10.56947 
10 50902 
10.568 57 
10.56812 
10.56767 
10.56722 
1.56677 
10.566633 
10. 56588 
10.56543 
10. 56498 
10.5 9454 


10.016800 10.5 
10.01683 


10.016871 
10.01691 


1.01694 


10.016908 
10.0170 
10.017035 
10.0 1709 
1001712 
10.017160 


15 Tang. 


—.— 5 


10.556010 
10 55966 


I ͤSecant. 


74 Degrecs. 


10.57265| 


10.57038| 
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Tangents, and Secants, 


16 Degrees. 


88 5-0 lo ow own law w - of WIN | 


21 
22 


23 


24 


"I 


26 


— 


9.44034 
9.44078 
9.44122 
9.44166 
9.44210 
9.44254 
944297 
9-4434¹ 
9-44385 
24 


9 44905 
9.44949 
9.44992 
9 45035 
945978 
9 45120 


9.45103 


Tang, 


— — —— — 


9.98284. 45750 
9.9828 1.45797 
99827745845 
9-9827319-45593 
9.9826619-45988 
9-9826219-40035 
; 98259[9-40082 


9.9825 5% 40130 
9.982510 40177 
9.98248 9.46224 
9.98244 [9-40271 
9.98240[9-40319 
9.98237 9.45366 
9.98233 ,9-49413 
9.98229 [9.46460 
9.98226 9.49507 
9.98222 9.46554 
9.98218 9.40601 
9.98215 19-40048 
9.98211 9.46695 
9.98207 j9-40741 
9-98204 


9.98192 [9.40928 
9.9818919-40975 


1279.45 206 0.98 185 [9.47021 

289.45 2490.98 181% 47068 
299 4529298177 47114 
30] 9.45334 [9-98174 9 47161 


Sine. 


| 


| 


—— — WR — 


10.54250 
10.54203 
10.54155 
10.54.108 
10 54060 


10.54013 
10.5 3965 
0.53918 
10.5 3870 
10.53823 
10.537765 
1857 
10.5 3681 
1053634 


10.53587 


10,53540 
10.5 3493 
10.53446 
10.53399 
10. 53 306 
1.53259 
10.53212 
10.53165 
10.53119 
10.5 3072 
10.5302 5 
10. 5 2979 
10.52932 
10.5 2886 


Secant. 


10.01716 
10. 01720 
10.01723 
10.001727 
10. 01730 
1001734 
10.01738 
10.0174 


10.01745 


10 01749 


I0.01752 
10 01756 
10.01760 
10.01763 
10.01767 
10.01771 
10.01774 
1001778 
10.001782 
10.01785 
10.01789 
10.01793 


10.01797 


10.01800 
10.01804. 


10.01808 
10.01811 
10.01815 
I0.01819 
10.01823 
10.01826 


00.55747155 
1055703154 
10.55059]53 
10. 55615052 
295357205! 
10. 55528050 
10 5548549 
0 854418 
10.5 539847 
10 55354|4 
IO55 311045 
10.55207144 
10.55224[43| 
IO 55181042 


10.55138Þ41] 


10.55095]40 
10.55052139 
10.55009[38 
10.54906/37| 
10492366 


10-54/9931 1 
10 5466630 : 


"XL 457 ] 


A Table of Artificial — 


16 Degrees. 


Sine, | Tang. Secant. | 


3019-4533419-98174 19-4716: [10.52840|10.01826| 10. 54666030 1 
319453770. 98 170 0.47207 10 52793010. 01830 10. 54623029 i 
320945419 9.98 166 9.47253 10.5 2747 10.0183 410.5458128 Ci. 
\ 13319 45402 9.98162 1g. .47300[10.52701]10.01838| 10.54538[27] Wh 
| 3419-45594 [9 9 98159 9-4 47340 10.52054 10.01841 10. 54496266 by 
3519-45547 0. 9.98155 9. 4739210. 5 26080 10.0184 10.5445 325 i 
| 3619-45589 [9-98151 ;9 47433110.52562]10.01849]10 54411124 id 
3719-45032 9.68 147 2 47484 10.5 25 160 10.018 53 10. 54368233 i 
3819- +5074 998144 9.475390. 52470 10.018 56010 54326022 
399472109. 9.98140 947570110 52424] 10.01860|10.54284/21 
14019 945758 9. 9.98136 9. 9.47622 10.523781 100186410. 5424220 {1 
14119- 45801 9.98132 19.47068|[10.52332|10.01868|10.54199hig] k N 
4209 45843 9˙98 129.4771410. 52286 10. 0187210.54 15718 | 1 
14319-45885 9.98125 9.47760 10.522400 10.0187 510 5411507 
1449-489227 9.981 98121 2 47806 10.52194|10.01879| 10.54073 16] bh 
14519: 9.45969 9 98117 9 47852 10. 10.52148 10. 10.01883 10.540315 — 
469. 40011 9. 9811300. 47898 10.5 2103110 01887 10. 5398914 
4719. 460583 9. 98110 9. 4794310. 52057 10.01891 10.53947|13]. 
48[9-46095 9. 98106 jg. 47989 10.5 2011 10.018941 10.5 39052 
4919-4 46136 1 anon 98102 9.48035 {10.51906]10.01898 10.53804|11 bf 
509. 9.45178 9. 5.98098 9.48080 10.5 19200 10.090210. 53822 1[ʃ 1 
5109. r 9.98094 9.4812610.51874 10.019006 10.537800 90 0 
152194 6266 6 9. 98090 9.43171 0.51829 10. 01910 10.5 37380 8 1 
5309. 46303 9. 2 9.48217 10.5 17830 10.019130 53697 
15412:4 40345 9.9c 8083 9:4 48202 10.51738110.01917 10.8355 
15519 9 46386 9 9.589079 9.48308 10.516930 10.019210 10. 53614 
5619-46428 9.98075 0.48353 10.5164710.1925019.83572 
5719-46469 [9.98071 [9.48398 10. 5 1602 10.019291 19.53531 
15819-46511 [9.98067 [9.48444 [10.51557]10.01933]10-53459 
599.4655 5 19-9806419.48489|10.51511] 10.01937]10-53445 
7 — 2485 282080. 41 14. 198.27 


N Sine. „ 1 | Secant. 
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a Table of Artificial Sines, 


" 


9634 „„ ww. „„ 


17 Degrees. 


Sine. | Tang. | Secant. 


945594 9-98069| 9.48534 
9 46035, 9.9805619.48579 
9.46676, 9.9805 29.480524 
9.46717, 9. 99049 9.48009 


19.01940 


10. 5 3407]Þ0 
10. 0194410. 53365 
10.019481 10. 53324458 
e enen | 


10.51466 
IO G1421 
10.51376 
10.51331 


© = = OE TIE . — 2 | uf 


9. 1.46800 9.9 


9.46841 
9.46882 


2: 46759. 9 9804419.48714 
9:-98040!9.43759 
9.980369 48804 
9.080331 9.48849 
9.469239 98029/ 9.48894 
9.45964 9.98025 
9 47004, 9-98021 
6! 9.98017 
619.9801; 


9.48939 
9.48984 
9.49049 
9-49075 


9.49118 


9.49163 


10.51286 
10.5241 
10.5 1196 
10.51151 
10.5 1106 
10.5 1061 
10. 51016 
10.5097 
10. 50927 


20297] 


10.01983 


10.01950 
10.01960 
10.01964 
10.01968 
10.01971 


10.53242 


10.53200 
19:53150 
10.53118 
19 5207 


10. 53037 


10.0 1979 
10.01987 


10. 50882 


10.0199 1 


10. 52995 
18.8955 
10.5 2914 
10 52873 


10. 50837 10.01995 
105 16.5793 Io 10.01999 
10.50748, 10 02003 
10.50704| 10.02007 
10. 50659 10,02011 
10. 50615 10.0201 5 
10. 5057010. 02018 
10.505 26010. 02022 
10. 5048 110. 02026 
10. 50437 10. 02030 
10. 503931 10. 02034 
) 10.02036 
1] 10.02042 

10.02046 
10.02050 


10.52823146| 


10.52701 
10.52751 
10. 5271043 
10.5 2670042 
10 52629 41 


10 5258940 
10 52548 
10.5 2508 38 
10 52407137 
10.52427136 
IO 52387 
10. 52340, 134 
10.5 2306033 
[0.52206]; 2 | 
10.02054}10.522201z31 


9.47209 
16 9: 47249 
9.47290 
118947330 
(1919-47371 

| 201 9.47412 
| 21] 9-47452 
122 9.47492 
{ 2319-47533 
12419:47573 
2519 47613 
_ [2819-47654 
12719-47094 


9.49207 
997997] 9.49252 
9-9799319-49297 
9-97990: 9.49341 
9.97986; 9.49385 


9. 9.97982 9.49430 
9. 97978 9.49474 
9.97974 9.49519 
9-97979, 9.49503 
9.97966 1965, 9.4 49607 


9. 9.57955 9.49652 
9.9795 8 9.49696 
| 9. 97954 9.49740 10. 

289.4773409. 97959 9: 497840 
2909.477749. 979469 {Fa 
3949478149 979421 9.49872 72] Bj 10 02058110.52186130|. 
roy ne; 7 4 Secant. : 


. wy. 


1 | N | 72 Degrees. | | ; ; = 
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Tangents, and Secants. 


3019-47814] 


Sine. 


9.47854 
9.47894 
9.47934 
9:47974 


5 9.97942 
9.97938 
9.97934 
9.97930 
9-97926 
9.97922 


4 9.97918 


997914 
9.97910 


9.9790 
9.97902 
9.97898 


9.97894 
9.97890 


| 9.97886 


9.97882 
9.97878 
9.97874 


9.97870 


9.97866 


9.97862 


9.97857 
9.97853 
9 978499 
0419-97345 


9.97841 
9.97837 


9.97833 
9.97829 
997825 


Je . 


Sine. 


| 


"mM Degrees. | 


Tang. 


949872 


9.49916 
9.49960 
9.50004 


9.50048 


9.50092 
9. 50136 
9.50180 
9.59224 
930207 
9.50311 
9.50355 
9.50398 
9.50442 


9:50485 


10. 50128 
10.500844 
10.50040 
10 49990 
10-49952 
10 49908 
10.49804 
10.49820 
10. 49777 


1.49733 


10.49689 


10. 49645 
10. 49602 
10 495 58 
10 49515 


9.50529 10.4947 


9.50572 
9.50616 
9.50659 
9:50703 
9. 9-50746 
9.50789 


9.50832 
50876 


288919 


9.50902 


9.51005 


9-51 Q4Y 
9 51092 
9-51135 
. 


1049428 
10 49384 
19. 49341 
LO. 0.49297 


10.49254 
10.49211 


10 49167 


10.49124 
10.49081 
10. 49038 
10. 48995 
1048952 
10. 48908 
10.48865 
10 48822 


8. 


10. 02058 
10,02002 
10.02006 
10.02070, 
10.02074. 


10.02078 
10.002082 
1002086 
10.2090 
10. 02094 


10. o2098 
10 02102 
10. 02106 
10.021 10 
1002114 


1002118 
10.02122 
10.02126 
10.02130 
10.02135 


10. 02139 
10.02143 
10. 02147 
1002151 
10 02155 


— — — 


10 02159 
10. 02163 
1002167 
1002171 
10 02175 
10 02179 


- | 


| Secant. | 


10.52186 
10.52146 
10. 52106 


10. 5 2026 
10.5 1986 
10.5 1946 


10.5 190623 
10.5 1867ʃz2 


10.851827 


10. 5178720 
IO 51748019 
10.5 1708 
10.516687 

10.5 162916 


10.515894 | 
10.515 50 14 i 


10.511511 


10.514711 
10. 51432 
10.51393 


10.51353 


10.51314 


10.5127 


10.512361 


10.51197 
0.51158 
10 51119 
10. 5 1080 
10.5 1041 
10.5 1002 


Secant. 


10. 52066 i 


1 72 S 8 


10 


1 Min. | © on": 9 > rio 00\O 


1— 
. 


[ 460 ] 


A Table of Artificial Sines, 


* 
— . TO In 


18 Degrees. 


| 


Sine. Tang. Secant. 
9.48998 9.97821 9.51778 10.48823 mare 10.51002 50 
9.490379. 978 179.5 1221010. 48779 10.02 1840 10. 5096359 
9.490769. 978 1409.5 1264 10.487370 021880 10. 50924058 
9.491 159.9780809. 5 130610 48640 10.021920 10 5088557 
2282228942. 8.228.284 56] 
9.491929. 97 8009.5 139210. 48608 10.022000 10. 5080755 
942239 9779019-51435110 4850512002204 10.50769] 54, 
9.49270,9-9779219-51478[10.48522[10.02208| 10.507310 53 
9.493089.9778809.5 1520 10. 48480 10.022 12 10. 50692 52 
24242. 84842 582171. 
9.49385 9.977799 5160610. 48 394 10.022210 10. 5061 5 500 
9.494249. 97775 9.5 164810.4835 2 err. 10.505760 49 
129 49462 9.9777 1.5 169110. 48 309.10. 0229 10 505380 48 
5 1319-4950119-97707 9.51734/10.48267 0.02233 10. 0 500 47 
[21419:49539,9:9776319-51776110-48224 10.02237] 19-50461] 46] 
15 9-49577 9.9775919-51819110.48181|10.02241|10.50423] 45 
16 9-4961519-97754 9.51861110.48139|10.02246| 10. 50385 44 
|171]9-4965419-9775019 51903110 48097 10.02250| 10. 5034643 

1819.4969219-9774019.51946110.48054|10 0225410. 503080 42 
"I004723000-2774519 $1999110-49012110.02258 10:30270 41 

{| 2019.49768[9.97738[9.52031[10.47970} 10.02262| 10. 50232 40| 

| 21]9-49806[9.9773419-52073[10.47927 10 0226710. 50 19439 
1229.498449. 97729 9.52115 10.478855 10 02271010. 50 15638 
2309.498820 9.97725 9.52157 10.478430 To. 02275 10.501180 37 
| 2419 4992019-9772119-52200 10.47801 10 02279 10 50080 3 
| 2519-4995819.9771719 5224210. 47758010. 022830 10. 50042 35| 
1269. 499969.977 130% 52284 10.477 1610.022880 10. So 34 

27/9 500349. 977089 52326010. 47674 10.022920 10. 49960033 
2809. 50072 9.977049. 52368010 47632 10. 0229610. 499280 32 
299. 501 1009.977009. 52410010. 4759010 een 10. 4989031 
EFF 
0 IP OW. Secant. | 


— — f1v—— — 


5 lo ww 8 Eee 5 


——_ 
2 m4 


. 
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71 Degrees. 5 


- 13619-59374 


38 * 


[4657 


Tangents, and Secants. 


18 Degrees. 


Sine, 


Tag. | 


— — 


10 47548 

10 47590 
6 

10 pies: 10.0231” 

e Pals / 
10 10 47380 10.02321 


——— 


10. 10.47 339 10.02 326 
9. 97670 9 52703 10. 4729710. oz3 30 
9. 67006. 52745 104725510. 02334 
9 97002 9.52787 10. 47213010. 02338 
9.50480] 9. 2:97057 9. ).52829 10 47172 10.02343 


9-59148,9.9709619-52452; 
9.5018 59.976919. 52494 
9 502239. 976879 52536 
9 502619.97683.9.52578 
9.50295 9 9 9797 9.9. 52020 
9.503309. 976759. 52552 


10. O02 309 


9.50411 
9.50449 


Secant. 
1002304 


1002313 


10.498 52 
10.4981 5 
10. 49777 
10 49739 
10.49702 
10. 49664 
10 49627 
10. 49589 


10-49514 


9.505 2309. 9765 9. 3.52870 10. 1047130 10.02347 
9.50561 9.97649 9.52912, 10 47088;10.02351 
9 59598.9.97645 9.529 54 10.470471 10.0235 5] 
9.50635 99784 9 52990; 10:47005110,02300 
9 59673;9-97036 2.83037 1.46953 10 02364 
4 50710 9.97632 9 53078 10. 10.469022 10.023068 

9.50747. 9.97628 9.531200 10. 46880, 10 02373 


ene 
1.49479 
10. 49402 
10.490365 
1.49327 
10. 49290 


1479 50784 9.97623 9.53161 
9.5082 19.976199 53203 
9.508599 97615: 9.83244 


g 51204 


| 


4 5.56896 9.97010, 9.53285 

9.50933 9.97606 9.53327 
9.59970, 9.97002 9.53368 
9.5100 9.97597 9.53409 
19-51043'9-97593 9.53450 


10.46839; 
10.40798 
10.49750 
10.40715 
IO. 46673 
10. 46632 
10. 46591 


10.465 50 


, 51080 9 97589 9.53492 
9.51117 
9.51154 


9.97584 9.53533 


9.97580 9.535741 
9.511919 97576, 9.53515 
9.5 1228 


10 45508 
10. 40407 


9:97571,5. 53050, 10.40344 
9 97567,9:53098} 10.46303 


| Sine, 


10. 02420 


10.02377 
10.0238 


10.0238 
10. 2390 
1002394 
0.02398 
10.02403 
10.02407 


——ũ—ů— ũ — ——— 


10.024111 
10.024116 


0.02424 
10. 02429 
10 02433 


. e Tang. 


1049216 
10749179 
1.49142 


[ 


10.49104 
10 49067 


10. 49030 


10 48994 
10.4897 
10 48920 
1048883 
10.488406 
10 48809 
10. 48773 


10. 48736 


Secant. 


ak. 


| 


10 49552] 


10.49253|1 


— 


7 Degrees. 


— 


20 


* 


To - ww + now 000 8 


2 


Hh 


- — — 


[4 


Min. 


7 —— 


462 


A Table of Artificial Sines, 


19 Degrees. 


Sine. Tang. Secant. 


1 — —U—ä—ä— — 


9.5 12649.97 5679.5 3697 10. 46303 10.024330 10. 4873660 
9.513019. 9756309537380 10.460262 10 0243710. 4869959 
9.51338[9-97558]9 53779 10.4022 110.0244210. 48 663078 
9.513749. 975549 53820010. 46180. 10. 0244010. 4862657 
eee 
9.5 14479. 9754509.5 3902 10. 4009810. 0245510. 485 535 
9.514840 975419. 53943010 4605710. 02459 10.485 16054 
9.515209 975371953984] 10.40016[10.02404/ 10 4848053 
9.5155719-9753219 540251 10-45976[10.02468[ 10. 4844352 
9-51593[9-97528]9-54265[ 19 45935] 10 02472 10-48407151 


own ws. wo "ma | | 


9.5162919.9752319-54106| 10.45894|10-02477]10.48371/50 
9 51666[9.9751919-54147] 10-4585 3]10.02481110.48334/45 
9 51702[9.97515|9-54188] 10.45813[10.02486} 10.48298[48 
11319 51738[9-97510[9-54228[10.45772j10 02490[40 45262147 
[14]9-51775]9-97506]9:54209|19-45731119-02494110-48226146| 
115 9.51811 9. 975010950 9.54309 10. 45691 10.02499 10.48 189 45 
1169.5 1847997497 54350 10.455010 02503 1048153044 
17 9.5 188 39.9749309.5439 110.4561010. 0250810. 4811743 
1809.5 19199. 974889. 5443110. 45569 10.025 12010. 4808 1042 
1921980274844 48 02516110-48045/41j 
1209.519919. 974799. 545 12 10. 4548810. 025 21010. 4800940 
2109.520279. 97475. 45 52 10. 45448010 0252510. 4797339 
1229.520630 9747019 54593[10-45407]10.02530110.47937138 
12309 52099 9.974669. 5463310. 4536710. 025 34410 47901 37 

[24]9:3213519:97461[9-54673|10-4532719-02539110-47865 36} 
[2519.5217119.974571[9-54714|10.45286| 10.02543]10. 7 35 
269.5 22079. 974530 9.54754/10.45 246 10.02548 010.4779334 
2709.52242(9.974480 9.54794 10.45 206010. 0255 210 4775833 
| 28, 9.5227819.9744419-54835[10.45166[10 0255610 4772232 

29, 9-5231419-97439 9.54875]10 45125|10.02561| 10. 4708631 
{1 30 2 32350 TELLS? 954915 I 0.45005 10.02566[10.4' 10. 47651 30 

9 Sine. F Tang. . Secant. 1 


= | ot 


—_ 
— 


Ln ö — — — 
8e 


— — 
OO S 


70 Degrees. | 5 
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2 4 — * tt a : 
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5 8 


[ 463 ] 


Tangents, and Secants. 


— 


—— 


19 Degrees. 


| Sine. 


— — — —— — 


9 52350 9.97435 
9.52385 9.97430 


9 52456 9.97421 
952492 9 97417 


9 52421 9.97420 


9.52528 9.97412 


| Tang. 5 


— — 


9.54915 


9.54955 
9.54995 
9.55035 
9.55075 
9.55115 


9.52009 


9.5298 
e 
9.53957 


9.5 3092 


9.53127 


9.53161 


9.53196 
9.53231 
9.53266 
9.53301 
9.53330 
9.53370 


17 


9.52563 9.97408 9 55155 
9.52598 9. 57439. 55195 
9-52034 9 97399 9.55235 
69 9. 9:97394; 9:55275| 


, $2705 9. 97 390, 9, 95315 

9.52740 9:973%, 9.55355 
952775 9.9738119.55395 
9.52811 9.923769 5543410. 44566 
9.52846 9.97372 9.854740. 10-4526) 


9.52881 9 97367 9. 9-55514 10.44486, 10.02633 
19-52916 9.97363.9-55554 
9-52951 9 97358, 9. 55593 

869.973549.55633 
9 97349 9:55073; 
9:97 344 9.55712 


9.97 340 9.55752 
9.97335 9. $5791 
9.97331 9.55931 
9.97320 9.55870 


9.97322 9.55910 
9.97317, 9. 55949 
9.97312 9.55989 
9-97308 9 56028 
9.97303 9.50007 
519 97299 9.56; 5610 07] 


10.44327 


Sine. 


10.4508 
10 45045 
10. 45005 
10.44965 


10 44985 


10.44885 


10. 44845 


10. 44805 
10. 44765 
10 44725 
10.4468; 
1 0.44045 
10.44605 


10.44446, 
10.44407 
19.44.3607 


| Secant. | 


10.02565 
10.025 70 
1002574 
10.025 79 
10.02583 
10.027587 
10.02592 
10.02597 
10.02601 
10.02606 


10.02610 
10.02615 
10.02619 
10.02624 


10 02628 


10 02637 
10.0 2642 
10.02647 
10.0265 


10. 44288 
10.44248 
10. 44209 


10.441169 


10.4430 
10. 44090 


10.440510 


10.440112 
10.4302 


10 43933] 


10.43893 


10.02656 
10.02660 
10.02668 
10.02609 
10.0267 4. 


— —— ——— _— _ 


10.02679 
1002683 
10.02688 
10.02092 
10.02697 


10.02701 


Tang. ng. | 


5 0.47051 
10.47015| 


10.47579 
10 47544 
1 5 
10.47473 
10 47437 
10. 47402 
1047366 
10-4733! 
10.4 7295 
10.47260 
10.47225 
10.47190 
10.47154 
10.47119 
[0.47084 
10.4 70492 
10.47014 
10.46979 


10.46944 
10 46909 
10.46874. 
10 46839 
10.460804. 
10.46769 


10.40734] 


10.46699 
10.46604 
10.46630 


10.40595 


| Secant. 


| 


570 * 


H h 2 


had 


A Table of Artificial Sines, 


20 Degrees. 


4 


120 


Sine. 


9.53405 
9.53440 
9.53475 
9.53509 
9-535441 9-9; 
9.53578 
9.53013 
9.53047 
9.53082 
9537 © 
9.53751 
9.53785 
9.53819 
9.53854 
9.53888 
9.53922 
9.53957 
9.53991 
189.5402 5 
22 


= OY 
2 Tang. 


9.97299 9.50107 
9.97294 9.56146 
9-97289.9-50185 
9. 97285, 9. 54 
9. 97280 9.50204 
9.97276 9.56303 
9.972719 50342 
9 97206 9.5 . 
9.97262 9.50420 
9:97257,9 50459 
9.97252 9.56498 
9.97248 9. 50537 
9.97243 9-50570 
9.97238 9.56615 
9-97234, 9:56654 
9-97229 9: 50093 
9-9722519-50732 
9.97220, 9- 56870 
9.97215, 9.5081 

9.9721119.56849 


9.97 2069.565887 


— — —— 


1043895 
10.43854 
10.438118 
0.43776 
10 43736 
10.43697 
10.4.3058 
9.43019 
10 43580 
10:43 3+1 


10.43502 
10 43463 
10.434424 
10.433895 
10. 43346 
10.43307 
10.4 3268 
10. 43229 
010.43 190 
1043151 
10.43113 


| 


Secant. 


10 92743 


— 


10.02701 
10.02706 
10,02711 
10.02715 
10 02720 
10.02725 
I0.02729 
10.02734 
10 02738 


10.02748 
10 02752 
10.02757 
10.02762 
10.02706 


10 4659505 
10.4650 
10.465200 
10.464915 
1.4645. 
10. 10.4022 - 
10 40387 
10 40352]; 
10.40318 
10 46284 
0.46240 
10 46215]; 
10.461810 
10.4614 
10 46112 


10. 02771 
10.02776 
10.02780 
10.0278 5 
10. 02790 


10.02794. 


—4594. 


10. 46078 | 


10.46044| 
10.4600c 


10.45975 


10.45907 


9 54093 
9 54127 
9.54161 
9 54195 
9.54229 
9 54263 
9.54297 
9.54331 
9.54365 
9.54399 
9.54433 


. ag 


10.458752 
10 458303 
10. 458051; 
1045771; 36 


10 45737135 
19.45703ʃ34 
10 45669033 
10.45035132] 
10.45 601131 
10 45 568 30 
Secant. 


10.02799 
10.02 804. 
10. 02808 
10.028131 


— —— 


0.02818 
10.02822 
10 02827 
10.02832 
10.427650. 02837 
10.427260. 02841 


— Ilu— — —— 


| Tang. 


1943074 
0.43035 
10.429906 
10.429589 
0.42919 
10. 42880 
10.42842 
10.42803 


21 
| 22 
23 
24 


9.97201;9.50920 
9.97196,9-50905 
9.971929 57004 
9 99718719. 57042 
9-97182j9.57081 
9. 971780 27728 
9-97173,9-5715 

9 9710819.57197 
9-9716419-57235 
9971599 57274 
Sine. 


— 


69 Degrees. 


[ 465] 


Tangents, and Secants. 


20 Degrees. 


— 


Sine. 


— — — 


54433 
54400 
54500 
4534 
4.507 


— — 


9.97159 


3519 97130 
519 97126 


73519 97116 
9.9711 119.57059 
9.971071 9.57090, 10.423 
9.97102 9.57734: 10.422 


9 97154 
9-97149 
9.97145 
2221 


9.97135 


| 


J 


5419-55235 
[55:9 55208 
569.55 30 
57 9 55334 
58 9.55367 
59 9.5 540 
— 7 


3 


9.97098 


| Sine. 


Tang, 


10.42720 
10.42088 
10.42049 
10.42011 
10.4257 

9.57406} 10.42534 
9.575410 42490 
9375435} 1042457 
9 575511 10.42419 
9.57019, 10 42381 


9.57274 
9 57312 
9 57351 
9 57389 
9 57428 


Secant. 
10. 02841 
10 02840 
0.02851 
10.0285 5 
10. 02850 
10.028665 
10.02870 
1002874 
10 02879 
10 02884. 


| 0.42342 


9.970979. 5777210. 42228 


R 


9 9795319. 


9.97078 
9.97073 


997004 
9.97059 
9.97054 
9-97949 


9:97944]9 5819 
9.970399. 


9.97035 
9.97030 
9.99025 
9 97020 
9.97915 


10.42190 


| ; 


10 42151 
10.42113 
10.42075 


51 Io 41999 
9 10.41961 
10.41923 


10 41771 
10.41734 
10.41696 
9.58342110.416;8 
9.583 80ʃ 10 41620 
9.58418010.41582 


9.58304 


84 
6b! 


4 


| 


| 


63!10.42037;10.02927 


10 02889 
10.02893 
10 02898 
10 02903 
10.02905 


— —. — 


1 


10.02913 


10 45534 


10.45500 
10 45406 


10-4543 


(0-45 399 
[0.45305 
18 453355 
10.45298 
10.45205 
9.4573 


10.435198 


10.45 164 
1045131 
10-45097 


10.45004 


10 029 7.45031 


10 02922 


| 


10.02937 
10.0294 | 
10.02946 
10.0295 1 
10.02950 


! 
19 02932, 


$0-44927 
10.44904 
10 44931 
10.44898 
10.44304 
19.44831 
10 44798 
10.4475 


0.02961 
10. 02966 
10. 02970 
10.02975 
10.02980 
10.02985 


10.44732 
10.4.4099 
10.446666 
10.445533 
10. 44600 


19.44507 


Tang. 


Secant. 


| 


cemeteries 2 * 


5 69 Degrecs. 


iO 


Min. 2 = ONE FIRE 00 


—— 


Hh 3 


„ 


[ 466 ] 


— 


21 Degrees. 


A Table of Artificial Sines, 


« ww = = - o 
33 Fa” RE = — — — __ 


— 


| = | 
= Sine. Tang. Secant. 
to 9-5543319-9; 9. 9701 9. 58478 10.41 582 10.2985 10.447557 
19.554609. 97010 9.584560. 41545 10. 0299010. 44534 
2.9.5 5490.9. 97006 9.5 8493010. 415% 10 0299510. 44501 
39.555 3209.970019. 8858 10. 4146910. 0299910. 44468 
A 2.25995 2855204437 10.03004[10.44436]56 
1519-5559719-96991 9.58606] 10.41 394| 10 03009 10.4440 
69 55530 9.96986 9.58644|10.41356| 10.03014|10.44370 
79.5 56639. 9698 1 9.586820 0.41319 10.0 3019 10 44337]; 
809.5 569 59.969769 — 5 10 412810 10 0302410. 44305 
[_919-5572819-96971.9 5875711041243] 10 03029110 44272 
11019. 9.55701 9.99967 9. 9.58794 10. 4120610. 03034010. 44239 
1109.5 57939. 96962 9.5 8832010 41168010 03038|10.44207 
129.5 58269. 96957 9.5 8869 10.411310 10.030430 10 44174 
130 5585 89.95952 9.5 890710. 4109310. 0304810441420 
(24[9-5539119-90947 294/48 8.3983 44109 
9.5592319-90942 9.5898 1010. 410190. 0305810. 44076 
9.55956. 9. 590 16010. 4098 1110.030631 10. 44044] 
1719.5 5988 29. 5905610. 40944 10.030680 10. 44012 
118 9. 56021] 9.59094|10.40907]|10,03073|10.43979] 
222 5505 30. 9.59131 10 40869 10.03078| ro. 43904 
0.9 9 5608609. 709.5916810. 408320 10.030830 10.4391 5 
9 5011819. 9.59205 10 40795 10. 03088 10.438820 
9 3615019.9690819.59243| 10.40757| 10.03093|10.4385c 
9 5018219. 9 59280 10.407 20010. 0309810. 43818137 
9-5621519.96898/9.5931 7] 10.40683]10.03102] 10.43785/36 
9.50247 19.59354| 10.40646| 10.03107|10 4375365 | 
9.56280 9.59391 10.40609]10.03112[10.43721| 
9.56311 839.5942910. 405 72010 03118010 43689 
9.56245 9.59466 10. 405 3410. 0312301043057 
9.56376 9 59503 10 40497 10.031270 43625 
| 30 2 law nk 56403 9 59540] 10. 40400. 10.031320 43592 
J | Tang. | | Secant. | 
68 See : ; 
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Tangents, and Secants. 


21 Degrees. 


9.55504 


Sine. 


9 5645809.9 
9.50440 
9.50472 


9.50536 


9. 56508 

9.55000 
4 56631 
9.50603 
9.55695] 


9:57944|9-96 
9.57075 


9.96803 


5 200.96773 


Tan g. 


9. 95868 9.59540 
9. 96863 9.59577 
9.99858 9.59014, 


9.9685 39.5955 1 
9.95848 
9.95843 
9.96838 
9.96833 
9.96828 
9. 9.96823 


9.59725 
9.59762 
9.59799 
9.59835 
9.59872 
9.96818[9.59909 


9.908: 3]9-59946 
9.968089. 


9. 9.96798 
9. 9.96793 
9.96788 
9.96783 
9.96778 


9. 60130 
9.60166 
9.60203 
9.00240 
9 ) 60276 
9 60313 


9.90767 
9.96762 


10.40460 


10.40423 
10.4380 


Secant. 


| > — — 


10.03132 


10.03137 
10.03142 


10.49349, 10.03147 


10.40275 


[0.40233 


9. 9588 10. 1.40312 10.031952 


| 


— 


10.4.3592 


10.43501] 
10.435280: 


10. 43406 
— . 


1003157 
10.03162 


10 40202110. 03167 


10.401651 


10.401 28 


10.4009 1 
10. 40054 


10.03172 
1.03177 
10.03182 
10.0387 


10. 4001710. 03192 
10 3098110. 03197 


19-3944 


18 
10. 39870 


10.39834 


0.39797 
10.39761 


10-39724 
10.39687 


10:03202 


———— — 


10.03207 
10.03212 
10.03217 
[0.03223 
10.03228 


ee a — 


10.03233 
10.03238 


10.4432 


[0.43401 


10.43309 
10.43337 
10.43305 
10.43273 


[0.43241 


10.43210 
10.43178 


10.43146| 


10.43114 
10.43083 
10. 43051 


10.430201 


10. 42988 


10. 42956 
10.4292 


10 


10. 42893 
0.42862 


1.42831 
18.4799 
0.42768 
10.42736 
10. 42705 
10.42674 


9.60340 
9 60386 
9.0, 60422 


9.60459 
9.60495 
9.60532 
9.60508 
9.60605 
9 60641 


9.90757 
9.96752 
9.90747 
9.967 4.2 
9.96737 
9.96732 
9.96727 
9.96722 
9.90717 

Sine. | 


9.57107 
9.57138 
re 
9.57201 
9.57232 
9.57264 
9.57295 
9.57326 
9-57355 


10. 39651010. 03243 
10. 39614. 10.03248 
10. 0.39578 18.8327 
10.39541 10. 10.03258 
10 39505 10.032093 
10. 39468 10.003268 
10.39432 10.03273 
10. 39395 10.03278 
10.393 59 10. 1903503 
"4 "PM Tang. 1 
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A Table of Artificial Sines, 


22 Deprees. 


da 
(G'S) 


Sine. 


9.57 389 
9.57420 
9-57451 


9.575457 
9.57576 
9.57607 
9:57038 
9.57669 


| 9.577009. 


N57 7 


9.57762). 
22222222 . 
9 5782419 


9.57855 


9.5788519- 
9.579169. 
22224722 


9.579078 
9.58008 


9.58039 


9.58070[9- 
958101 2 


22 2. 
9.575140. 


9. 9.60641 
9.60677 


69.608 59 


O9. 61041. 38960 
9.651148 
9. 9.61184 
b 9.61256 
9[9.61328 


| 1 | 


18.398359 
1.39323 
9.607 1410. 39286 
9. 607500 10. 392 50 
9. 60786 10.39214 
9. 60823010. 39178 
10.39141 
10.3905 
10. 39069 
10.39033 


10.38996 


9. 60895 
9.60931 


9.50957 
9. 9.61004 


9.61076 
9.61112 


10. 38924 
10 38888 
10.388 5 
1038816 
10.38780 
[0.38744 
10.38708 
10.38672 


9.61200 


9.61292 


1949 $72 £ 
9.9656719. 


9.9 96562 


1409 61364 


Sine. 


10. 38636 
10. 38600 
10.38564 
10. 38528 


9 61400 
9.61436 
9 61472 
961508 
9.615441 10.38457 
10 38421 
10.38385 
19.38349 
10.38313 
10. 1.38278 


1 Ing. 


Secant. 


10. 03294 


10.03 283 
10.03 289 


10.03 299 
1—.33⁰4 
10.033009 
10.003314 
10.03319 


10.03324 
10.0333 


10. 1042643 
10.4261 


10. 425 80 
10.42 540 
0.42518 
10.4248; 
CLOSELY 
10.42424 
18.412392 


10.42362 


2 1.03355 


— 


10. 10.3842 10.034077 


10.0333 5 
10.03 340 


10.3345 
10.033500 


10.03301 
10.03306 
10.0337! 

10.03376 
10.03381 


10.42331 


10. 42269 
1042238. 
10.42207, 


10.421 17045 


10. 42146 
10.42115 
10. 42084 


10.42053/4.1 


10.03386 
0.03392 


1.03397 
10. 03402 


10.0342 
10.03418 
10.03423 
10.03428 
19.034323 
1 


10.42023 


yy 


10.41992 
10.41901 


F047 IIS 
10 41900 


10.41869| 
10.41839[3 


10.41 808 
18.477 
19.417417 
10.417216 
Secant. 


| 
0 


67 Degrees. 


50 
10. 42300 


47 | 


40 


0 
59 

58 5 
57 

56 
755 
54 
53 
52 
51] 


49| 
AS] 


46 
+4 


43] 
42 


39] 
38 


rr 2 
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Tangents, and Secants. 


22 Degrees. 


= : 4 
E 


Sine. e Secant. 


30 0. 5828409. 9650109. 17 2210.382780 10 034390 10. 18 30 
319.5 831409.965 5609. 61758 10. 38242 10. 0344410 416879 
3209.583459. 965 5 109.5179410. 38206 10 0344910 41655028 
33% 58375/9,965 469.618 3010 38171 10.345410 4162527 
3409. 5 840 990654109 6186510 38135] 10 0349 10.41 594126 
3509 58436 9.96535 9 01G01|10 3809qgi 10 © 03465 IO 41564 26 
3609.584679 965 309.6193610 38064) 10 03470. 10 41534124} 
3719 58497/9965 259.6197210. 3 8028 10 0347510 41503[23 
389.585 279.9652009. 6200810 3799210 03481010 41473ʃ22 
3919 53557]9-9651419 62043110-37957] 19 03480] :0 4144321 
1409. 3.58589 9.90509 9.52079 10.379216 10.034910 10.414 220 
41 9.58618 9.96504. 62114110.37886| 10 0349610413829 
4219 ©8648 9.964989 62150 10 37850 10 0350210. 4135218 
14319 5867809 9649319 02185)! 37815110 03507[10.41322j17 
4419 88 568700] 9.96488 9 02221 10 10 37779 10.035120 41292116 


45 [o. 9.58739 9.96483 g 62256 t© 37744 10.03517]10 41261015 
46% 587699. 964779 0229210 37709 10 03523(10.4123 114 
4.7 19 58790 99647209 6232710 37673 10 035 2810.41 20 13 
48 0 58 8299.964679. 6236210 37638 10.03533[10 41171012 
400. 59850 9.9646 19.623980 0.37602 10. 1035391941141 


— — — — — — — — 


509. 588890 96450%.62433(10.37567 10.035440 4111110 
J 9.589 199.9545 1% 62468{ 10. 3753210. 0354910. 4108109 
520 589499. 964459 62504] 10. 37496 10 03855 10.4105 10 8 
53.589799 964409. 625 390.3746110 03 356010 41021] 7 
$419 59999 9 90435 9.02574 10. 10.37426 10 10 03566 10 40991 6 
55 19-59039]9-96429 9.626091 10. 37391110 03571010. 409610 5 

4 
3 
2 
1 
0 


56% 590599. 9642 49.626450 10 37356, 10.035 76 10 40931 
57 [9 590989. 964 99 6268010 37320 10 03581010 40902 
58 9.59128 9.964130 6271510 37285 10 0352710 40872 
15919 59158{9.90408;9-62750! 10 37250 10 0359210. 40842 
60 0 591889.954039.62785 10 37215 10 03597 40.408ts 
Sine | | _ Tang. 1 Secant. | | 


5 Degrees Vu . — 


199 7. 


A Table of Artificial — 


| . 23 Degrees. 
=] | 


| Sine. Tang. | Secant, 


9.59188 99640319. 10.37215 10 03507 10.40812 
9.592 1809.963970 6 10. 37180 10.036031 1040782 
9.592479. 963929.628 5 510.3714510 0360810. 40753 
9.592789.963 879. 10 37110 10. 0361410 40723; 
2825796381 22956 1 ogg 10.03619| 200695 
9.593 3619. 2.96376 6 10. 37039 10.0324 10 40664 
9.593669 96370 6 10 37004] 10. 03630 10. 40634 
9.593969. 963659 6 | 10.03035| 10.4004 
9.59425 9.963609. | 10.03040] 10.40575 
9-5945519-9035419- | 10.03046| 10 40545] 5 
9.594840. 9.96349 65 . 510.0365110 405 16 
9.59514. 963 4309.63 170 10.036570. 40486 
9 5954319-9633819.93205|10. 36795 0.03602] 10 40457 
9. 5957319 9033319.03240j10.36760;10.03068} 10.40427 
1419: 9.5950 9. 9.26327 9.03275 10. 36225 10.0 10.03673|10.40398 
9. 5.59532 9.95 Iv 9.03310j10.36690{ 10 10 03678 10.40369 
9.59661 9-99 963169.63345 10. 3665 5 10 03684 10 40339 
9.59690 '9- 9631109 63380[10. 36621|10.03689| 10.40310 
9 59720! 0 963059. 6341410. 365 86010 03695 10. 40280 
190 59740 9. 9.26300 9 6344910. 10.368 5110 0370010. 40251 


— 


9. 59778; '6.9 96295 9.634840 10.365 16 10.037056 1040222 
9.59808 9.962 899.635 1910 3648210 03711|10.40193 
9.59837 9.96284 9.635530 30447] 10.037 1610.401653 
9.59866 9.96278 9.63588 010 36412 10.037220 1040134 
24 9 59895 9096273 9.63623110.30377| 10 03727] 10 40105 
2519 59924|9 9626719 63657110 36343] 10.03733|10.40076, 
69.599549. 962629. 6369210. 363080 10.03738| 10. 40046 | 
9.50983 0.962569 63727110.30274| 10.03744| 10. 40017 33 
9.600120. 96251 63761010 3623910. 0374910. 39988 32 
9.60041]9 9624519-03795110.36204| 10 0375510. 39959 
19-6 60070 9 90240;9.03830110.35170 0.03760] 10. 39939 
"or a | Tang. | Secant. 


f Sine 
66 Degrees. 


— 


n on Ka hn 1 o| "ul 
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Tangents, and Secants. 


23 Degrees. : 


7019-96240 
019 90234 


219.90196 
9.96190 


51996162 


9.96140 
9.96135 


9.63330 
9.63805 
9.3899 
9.63934 
9 63908 
9.64003 
9.04037 
9.04072 
9.04106 
9. 64140 
9-04175 
9.64209 
9 64243 
9 64278 
9. )-043 12 


964346 
9 04381 
9 64415 

9-04449 


9.96229 
9: 90223 
3.90218 


9.96212 


996207 
9.95201 


9.96185 


9.96174 
996168 


9.961 57 
9.96151 
9.96146 


9 2 


Tang. 


10.3517 


10. 36135 
10.36101 
10 35066 
10 36032 


10 35997 
10 35963 


0.35928 


[0.35594 
10.35860 


10.35825 
10.35791 


10 03804. 


10.3575/ 
10 35722 


10 35688 10.03838] 


— DO —_  — 


10 35654 10.03843 
10 35019 10 03849 
10 35535: 1.03854 
10 35551 10. 03800 
10. 38817010 03505 


Secant. 


1 a 
1003766 
1903771 
10.903777 
10 03782 
10 03788 
9 037953 
1 


10 03810 


— — — CAO AE ee eans.. 


[0.03815 
IO 03821 
10.03826 
1003832 


10 3548310. 03871 


10. 35448 


Sn 35346 


5110 35414 
10. 35380 


10.03877 
1003882 
0.03888 


10 03893 


10. 35312 


10 35278 
1033544] 
10 35210 


10 35176, 


10 35142 10.003927 


| 


10 03899 


1003905 


10 03910 
10 03916 
10 03921 


10 39930 
10 39901 
10 39872 
10 39843 


10.39814 


10 39785 


10.3975 


1939727 
10.39698 
© 39670 


19.3641 


10-39612 
10.39583 


10.39554 
19-39526 


10.39497 


10.394068 


10. 39439 


10.39411 


10.393820 
1039353 


19.393253 
10. 39296 
1039268 
10 39239 
10 39211 
10.39182 


10.39153 


10 39120 


19.3909 
10 39069 


| Secant. | 


Tang. 13 


606 Degree 


* 


2] 


101 
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5 A Table of Artificial Sines, 


a 


24 Degrees. 


Tang. 


Sine. Secant. 


— — 


£ 6 5 


hand 


5 lo he] SAEED M4 =2 * UA | 


11 


9.60931 
9.60900 
9.60988 


9.96067 
9.96062 
9.990506 
9.9605 1 


9.99034 
9.96028 
9.90022 


9.90017 
9.96011 


| 9.96005 


9.96000 
9.95994 
9.95988 


9.95983 


9.95977 


99597 


9.96073 


9.90045 
9.96039 


9.64858 
9.64892 
9.64926 
9.54960 
2:04994 
9.05028 
9.55062 
9.05096 
9.65130 
9.65 164 


10.35 142 
10.35 108 
n 
10.350400 
1 


10.34972 


10.34938 


10. 34904 
10 34870 


10. 34836 


10.003927 
10.0393? 
10.03938 
[0.03944 
10.0395C 
10.03955 
10 03901 
10.03907 
10.03972 
10. 03978 


10. 34803 
10. 34769 
0.34735 
10. 34701 


| 10.34667 


10 34034 
10.34600 
10.34500 


10.345 33 


2.6550110.34499 


9.9593 


995925 


9.95929 
9.9591419. 
5 9.95908 
319-95992 


10.344.05 


19.344132 
10.34.398 
10.34 304. 
19.3432 


10.342907 


110.34264 
0.34230 


10.341907 
10.34163 


0.34130 


10. 23983 
10.04398Q| 
10.0395 
10.0400! 
10,94000 


10.04012 
10.04018]| 
10.04023 
10.04020 
10.04035 
10.04040 
10.04046 
10.0405 ¹ 
10. 04058 
10. 04003 


10 04069 
10.0407 
10.0408 
10.04086 
10.04092 
10. 04098 


— 1 


10 390696 


0. 3904050 


10. 39012 
10 38984 
12 39955150 
10. 38927 
10.338899 
10.388705 
10. 38842 
10. 38814 5 


10.387 786 


10. 38755 


10.387304 
10.38 702 
10. 3867 4, 
10. 15 9915 
10. 38618 

10.8500 | 
10.38 562442 


1.38534 


10.38 506 
10. 38478 
10. 38450 
0.38422 
190.3839436 
10.383667 


10.383115 
10.382831 
10. 382553 
10. 38227 6 


j vine. Tang, | is Secant. 


| | — 
| | 65 Degrees - „ = 


2 
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2 


Tangents, and Secants. 


24 Degrees. 


= 


30! 9.61773 
9.51800 


9.01828 


9 61883 


| 


Sine. | 


9 61856 


—— ——ͤ— 


9.95897 
9.95891 
9.95885 


9 95873 
9.95868 
9.95802 


9.95550 


9.95845 
9.958399. 
4 9.95833 


9.95827 


En 


9.95915 
9.95810 
9.95804 
9.95798 
2292 


9.95739 


9. 955902 


9.95 8790.6 


9.958509. 


9.957459 
9.957349. 


Tang. 


110.33929 
10. 33896 


10.336905 


10. 33629 
10.335960 


10.335 30 
6650410.33497 


1.33397 


10. 34130 
10. 34096 
10. 34063 


10.34029 
1.33995 
10.3392 


10. 33862 
10.33829 


10.337956 
10. 33762 


10.33729 
10. 33663 


10.33 563 


0.33455 
10.33430 


0.33364 
12:5335! 


Secant. 


— — 


10.04098 


10.04 104 


10. 04109 
1004115 
10.004121 


10.0412 
10.04132 
0.04138 
10.04 144 
10. 04150 


10. 38227 

10 38200 
10.38172 
10.38144 
10.38117 
10.38089 
10.3 8061 
10.38034 
10 38006 
19.372729 


10.041566 
10.0461 
10. 04167 
10.04173 
10.04179 


10.37951 
19.3794 
10. 37896 
10. 37869 
10.37841 


10.04185 
10.04190 
10.94196 
10.04202 
10.04208 


10.37814 
10.37787 
10. 37759 
10.37732 
0.37704 


10.04214 
10. 04220 
10.0422 5˖ 
10.04231 
10.04237 


10.33296 
10.33205 
10.33232 
10.33199 
10.33166 
— 33153 


Tang. | | 


10.04243 
IO.04240 


10.04255 
10.04201 
10.04.2607 
10.04272 


10.37677 
10.37650 


10.376230 


10.375956 
10.375068 


10.3754 
10.37514 
10 37497 
10.37459 
10.37432 


10.374050 


Secant. 


65 Degrees. 


= 


— — 


47410 


A Table of Artificial Sines, 


— 


23 


Degrees. | 


—_— 


. [> » » d | "UN 
—— 


59.957 10 


9.95633 


2 9.98627 


Tang. 


9.60867 
9.66900 


9.66933 
9.00906 


906999 


9.07420 


[10.32771 


)5]10.32705 
327 10.32673 


| | 


— — 


10.33133 
10 33100 


10. 33067 
10.33934 
10. 33001 
10. 32908 
en 
10. 32902 
10.32869 
10.32837 


Secant. | 


10.04272 
10.04.278 
10.04284 
10.94290 
10.04290 
10. 04302 
10. 04308 
10.043 14 
10. 04320 
10.04326 


10. 32804 


10. 32738 


10.3 2640 
10.32607] 
10.32574 


10.04.33 2 
10.04338 
10.04343 
10.04349 
— . — 
10.043601 
10.04367 
10.04373 


[0.37405 
10.37378 
10.3735 5 
10.37 324 


19 37297]56 


10.37270|c 
18.3715 
10.372160 
10.37189 
1.37162 
10-37-3518 
10.37108 
10. 37081 
10.37055 4 


10. 37028046 


10.37001 
10. 36974 
10.36948 


10. 36921 
10.36894 
10.36867 
10.30841 


9 9502119.07458 
0619-9591519-07491 
9.95009|9.07524 
9-95603;9.675506 
9.95597 


10.32542 
10. 32509 
10. 32476 
10.3244 


19.4379 
10. 04385 
10.043 91 
$0,04397 


'219-95555 
3395 [9:95549 


9.95591 
9:955%5 


9.955799. 


9.95573 
9.95567 
9.95561 


967589 
9.67622 


907954 


7110.32183 


10.32411|10.04403 


10.32378 


10.32313 
10.32281 
1032248 
10.32215 


10.32150 


10. 4409 
10 32340 10. 04415 


10 04421 


10.04427 
10.04433 
10.044 39 
10.944 45 


10.044.51 


10.368 140 
10.36787 
10.36761036 


10.306734 3 


10.36708 


10. 36681 
10.3665 5 
10. 35628 
10. 36602 


— — —— — 


Sine. Lang. | - Secant. 


_—_— 


——_—— 


. 


64 Degrees. 


4 
— 


[ 475 ] 


Tangents, and Secants. 


25 Degrees. 


4309.633985 
3119-03425 
[3249-03451 


| 3519-03531 
3719 03583 
28:9.63010 
9.636306 
40; 9 63662 
419 63689 


[4419-63767 


469.638 2009. 
4719-03846 
48, 9.03872 
49,963 53598 
| 59; 9- 63924 
5119 63950 
15219-03970 
153!9.64002 
| 549 6: 04028 

5519 9.64054 

6i 9.604080 
5 9 64106 
589.64132 
599.64158 


= Sine. 


: 3 | 


———— —ä— 


995549 
9.95543 
9˙95537 


| 3319 634789. 95531 
349 63504098825 


9.6788 2 


9.67947 
9.07980 


9.95519 
9.95513 
9.95507 
9.95501 
9.98494 
9.95488 
9.95482 


42 9.0371519.95470 
43.9 0374119.95470 


9.95454 9.68303 


45 965324998455 


9.68012 
9.68044 
9.08077] 
9.08109 
9.08142 142 


9.68174 
9.08206 


9.68239 
9.68271 
9.68303 
9.68336 


9. 9544 
9.95440 
295434 
9.95427 
9.95421 
9.95415 
9.95409 
9-95403 
9.95397 


2 9.68368 
9.68400 
9.08432 
9. 9.08405 
9.68497 
9.68 5 29 
9.98561 
9.08593 
9.68 68626 
9. 5.68658 
9.68690 
9.68722 
9.68754 
9.68786 
9 68818 


Tang. 


9.07850 10. 32150 
10.32118 
9.07915, 10.3208; 
10.32053 
10.32021 


| Secant. 


10.31923 
10. 31891 
10.31858 
10.31826 
10.3794 
10.31701 
10.31729 
10. 10.31697 
10.3164 
10.31632 
10. 3 1600 
10. 31568 
1.31535 
10. 31503 
10. 31471 
1031439 
10.3 1407 


2222 
10.31 342| 
10.31310 
10.31278 
10.31246 
10.31214 
10.31182 


MI Tang. | 


— —ü—— 


10.0445 1 
an 
10.0443 
1004469 
ee . 
10. 04481 


10.045 12 
10.045 18 


10.045 24 
| I0,04530 

10.04536 
10.04542 
10.04548 
10.94554 
10.04560 
10.04507 


10.045873 
0.04579 
10. 04585 
10.0459 1 
1004597 
10.04003 
10.04009 
10.04016 
10.04022 
10.04028 
10.04034 


10,044.87; 
i 0.04494] 
I 0.04500} 
10.04506 


10 36602 
10.30575 
10.30549 


10.3628 5 
10.362959 
10. 36233 
10. 36207 
10. 36180 
10.3614 
10.36128 
10. 36102 
10. 36076 
10. 36050 
10. 36024 
10. 35998 
1—42225 


10. 35920 
10 35894 


10.3 5842 
10. 35816 


7 


Secant. 


a —— — . 


10.359460 


10.3 5868 


64 Degrees. 


9 


A Min. 


lo =» vw aw O 


. . r : 
U e EI >. e 


, Pan ** 


{ 470 ] 


A Table of Artificial Sines, 


26 Degrees. 


” 


lo ww onlaw » - ol wi 


109 


995341 


995366 
9.95 300 
9.95354 
9.95348 


Tan 5 


9. 568878 8 
9.08850 
9.08882 
9.08914 
9.08946 


9.64468 
9 04494 
9.64519 


9.64622 


964673 
9. 2.64698 
9-04724 


9.04775 
9 64800 


9.64826 


9.64851 


9 64877 
9.64902 
9.64927 


22.3 


9.95335 
9.95329 
0519-95323 
995317 
3 


9.95304 
9.95298 
9.95292 
9. .95286 
9.04545 9.28279 
9.64571 9.95273 
9.64596 9 95267 


9.95261 


9 0404719-95254 
9.95248 
9.95242 
9952365 
9.64749 0.95 229 


995223 


9 95217 


9 95211 


9.95 204 
9.95198 
9.95192 
995185 


Sine. 


9 68978 
9.69010 
9.69042 
9.59074 
9.69106 
9.69138 
9.69170 
9.09202 
9.09234 
9. 69256 
9. 2.69298 
9.09329 
9.69361 
9.69393 
9 69425 
9-09457 
9.69488 
9.695 20 
9.69552 

20584 
9.69615 
9.69647 


9 69710 
9.69742 
9.09794 
5 


9 69679 


| 


> —— 


| Secant. 


10.31182 
10.31150 
10.31118 
10 31086 
1031054 
10 31022 


10 30958 
10. 30926 
10 30894 


10 30990 


10.4034 


10 04640 


2 3 


| 


10.0464.6' 


10 04053 


$6.04996 


10. 30802 
10.30830 
10.30798 
10.30766 
10.30734 


10.30071 
10 30639 
10. 30607 
10-30575 
[0.39543 


10. 30480 


10. 304 

10 o 30385 
19.3353 
10.30321 
10 20290 
10. 30258 
10.302265 


Tang. 


10.30703 


10 30512 


10 30448 


10. 04696 
1004702 
10.04708 
10.04715 
10.04721 


—— — — — 


10 04727 
10 04733 
10.047 39 
10 04746 
10 04752 


[0.04758 

10 04704 
10 04771 
10.04777 


10.04789 
10.047950 
10.0480 2 


10.048088 


10 04815 
10, 04.521 


6 Io 04783 


[ 


10.35816 
, [0.35790 


10.35635 


10-35455 


10.35073 
10.35047 


10 35704 
10.357738 
10 35718 
10.35687 
10.35061 


10.35609 


10 35584] 


10 35558 
10.35532 
10 35506 


10. 35481 


10. 35426 


10.35404 
10.35 378 
1035353 
1.38327 
10.35 302 
10.35 276 


10.352511 3 


10.35225 
10. 35200, 


— — —— 


10.3574 
10.35 149 


10.351123 
10. 35098 


Secant. | 


_— — — 


* * — - 8 


: 6 3 Degrees. 


1277 1 


Tangents, and Secants. 


26 Degrees. by 


Sine. 


9.64978 
9.65003 


9.95179 
999173 


—— — — - 


9.951679. 


Tang. 
10.302275 
10. 30163 


—— 


| Secant, 


10.04821 
[0.04827 


IO. 04834! 


—c 


10.35047 
10 35022 


10. 34997 


10.301132 
10. 30 00 


10. 30068] 10.0 
10.30037 
1 0.30005 
$0.29974 
1822942 
10.2991 1 
10.29879 
10.2984.8 
10.298164 
10. 29785 
10. 29753 
10.2922 
10. 296910 
10. 29659 
10. 29628 
10. 29596 
19.2956g 
10.295 34 
10. 29502 
10.2947 
10. 29440 
10. 29408 
1 
10. 29346 
10.2931 5 


*% 
— — — —— . —-—ꝛ— ED 


10. 04840 10. 34071 
10. 10.4846 10. 10.34946 201 161 
10. 04852 I0.34921|2 
10.04859 10.34896 
0. 04865 10 34870 
10.048710. 34845 
10.04878 10. 34820 


——k — — — nes 


10. 10.4884 10.347950. 
10. 04890 10.34770 
10. 459% 10.34745 
10. 049931 12:34719 
10. 10.0491 10. 1.34694 
10,4916 10, 10.346569 
10. 04922 10 3464401 
10.904929 10. 34619 | 
10:04935,79:345941 +1 
1.4941 19.3459 


10.4948 10.3454 

0.04954 10.345 19 
0. o4961 10. 34494 88 
10. 4967 10. 34469 
0.04973 10.34444 
10. 04980 10. 34420 
0.04980 10. 34395 
10. 4093.10 34370 
10.04999 10.3434 
10. 05006' 10.34320 
110. 05012 10. 34295 
Secant. 


* 


9.95160 
9.95154 
9.95148 
9.95141 
9.95 1359.6 
9.951299. 
9.95122 
9.9511619.70089 
9.95¹¹10 9.70121 
9.95103 9.70152 
9.95097 9.70184 
9.9509119-70215 
9.95084| 9.70247 
9.95078; 9.70278 
9.9507 109.703 10 
9:95005|9-70341 
9.95059 9.70372 
9.95052,9.70404 
9.95040|9.70435 
9.950399. 70466 
9.950339. 70498 
9.95027 9.729410 
9.950209. 705 60 
9.950144 9.70592 
9.95009. 70023 
9.952001 9.70054 
9.70085] 
22 


9 65029 
9 05954 
9.05079 
9.05104 
g 65130 
9.05155 
9.05180 
965288095 
9 05230 
9.65256 
9.65281 
9.05306 
9.65331 
9.05350 
9.05381 
9.05406 
49'9-05431 
50, 9. 9.65456 
5 1. 9 65481 
52 9.65 506 
53.9.6553! 
| 54 9 9 63556 
155 9.65581 

50, 9 65605 
57 9 5 
58 9.65655 
59 9 6508c 
29,9657 05704 9. 


i. Sine. 


— 
AA 
— — — — — — — 


** 


— 


” 


Min. 


N 


63 Deęrecs. 


n 
— 


— 
2 


[478] 


A Table of Artificial ines, 


27 Degrees. 


= 


— 


5 Sine. 
01905705 
r19.65730 
1 05754 
| 39: 05779 
. 42.5804 
519. 9.55828 
609.6585 3 
| 719-05878 
| $19.65903 


Tang. 


9.94988 9 70717 
9.94982 9.70748 
9-94975,9:79779 
9-94969 9-70510 
9.94202 9-70841 


9. 9.94956 9. 9.70873 
9.94949 9.7004 
9 94943 9.70935 
9.949369 70900 


2229297 


| 


TO — ͤ — 


10.29283 
10.29252 
10.29221 
10.29190 
10 29159 
10.29127 
10. 29096 
10. 29065 


10. 29034 


10. 29003 


Secant. 
10. 05012 
10.050118 
10.059025 


10.005031 
10. 05038 


10.05044 
10. o 50551 
10. 05057 
10.050664 


— —ü—4—— 


10.3429 5 
10.3427 
10. 34246 
10.342211 
10. 34196 
10.34172 
10 34147 


10 34122]; 


10. 34098 


IO 05070 
10.05077 
10 05083 
10.05090 
10.05096 
10.05103 
10.05 109 
10.05 116 
10.05 122 
10.05 129 
10.05 135 
10.05 142 
10.05 148 
1.05155 


—. .. 
10. 34048 
10. 34024 
[0.33999 
10-33975 
10 33950 
10.33925 
10.33901|, 
10.33876 
IO 33852 
10.33827 
10.33803 
10. 33770 
0.337541} 
10.05101{10. -33730lz7 
10.051681 10. 10.33705:36 
10.05174/10 19 3368135 
10. 0518110. 35057134. 
10 00187010 33632 
10. 05194. 10. 33008 
19.0520! 10 33584 


10. 05207 10 33559 
Secant. 


22.8922 
109.6595 2 
11119-05976 
11 2]9.66001 
139 96026 
[14{9-06050 
11509. 9.66075 

1649. 66099 
1719.66 124 


9: 2949309 70 


9-94924 
9.94917 
9.94911 
9.94904 
9.94898 
9-94891 
9.94885 
9.94878 
9.94872 
9.94865 
9.94858 
9.94852 
9.94845 
9.94839 
9.94832 
9.94820 
9.94819 
9.94813 
9.948006 
619.94800 
(4119-94793 
1 Sine. 


| as: 62 Degrees, 


9. 71028 
9.71059 
9.71090 
9.71122 
9.71153 
9.71184 
9.71215 
9.71246 
971277 
9.71308 
971339 
9.71370 
9.71401 
971431 
9.714602 
9.71493 
9: 3.5441 
9-7+355 
9.71580 
9-71017 
3 


1028972 
10 2894 
10. 28910 
10. 28879 
10.28848 


10. 28816 
10.2878 5 
ee e 
10 28723 
10 28692 
10. 28661 
1028630 
10. 28600 
10. 28569 
10.285389 

10.287507 
10. 28476 
10. 28445 
10.28414 
10.28383 
10.2835 2 


Tang. 


„ 


1 479 ] 


—— 


Tangents, and Secants. 


27 


Degrees, 


8 


309.6644 09.94793 
319.6604659. 94786 
3209. 66489 94780 
3319 665 1309.94773 
349 6853809.94767 


Tang. 4 


9.71048 
9.71679 
921709 
9.71740 
PETE 


3519-0050219.94.760 
36|9-0058919.94753 
5 37 9 6660 9.94747 
38 9-00034[9.94740 
2 9-00 66658 994734 
409 9.66682 9.94727 
| 4119 0670719.94720 
429.6673 9.94714 
43} 9-607 5519-94707 
44\ 9-6677959-94700 
_ [4519-66803[9.94694 
4619. .06827]9.94087 
47 9.660851]9.94680 
48 9.6687 9.94674 
49,9-06859] 9.94967 
955 
5109 669469.94654 


6704219. 94627 
56967066 9.94620 
5719 799 9.84014 
589.67 113/9.94607 
15919-07137] 9-94600 

6o[9.07 10119-94594 


I | Sine. | 


9.71802 
9.71833 
9.71863 


9.71894 
2 


9.71956 
9.71986 
9.72017 


9.72048 


9.72078 


9.72109 


9.72139 


9 72170 


9.72201 
922232 
9.72262 
9.72293 
9.72323 
9.72354 


63419-72384 


9.72415 
9.72445 
9.72476 
9.72507 
9.72537 
9 72 507 


: 


10.28352 
0.28322 
10.28291 
10,28260 
10. 28229 


10. 28198 
10. 28168 


0. 281377 


10. 28106 
10.2807 5 
10,20045 
10.28014 
10.279853 
10.2795 2 
10. 27922 
10.27891 
10. 27860 
10. 27830 
10.27799 
10. 27769 
10.27738 
10.275707 

10. 27677 
10. 27646 
10.276166 


10.275895 
10.27555 
10.27524 
10. 27494 
10.27463 
10-5743 


| 


— — — 


[0.05233 


10.05247 


| Secant | 


10.095214 
10.05 220 
10.05227 


10.05240 


0.05253 
[0.05260 
[0.05267 


10.05273 
I0.05280 


10.05280 
10.05293 
I0.05 300 
10.05 306 
10.05313 
10.95320 
10.05326 
1.05333 
10.0 5340 
10.05 346 
ee 
10.05 360 
10.05300 


10.335759 


10 335352 
10.335 11 


10. 33487 


240055 


10.33438 
10.33414 
19.3339 
10. 33366 
1.33342 
10.33318 
10.33294. 
10.33270 


10.332450 


10.33221 


— 


10.33 197 
10.33173 


10.33 149. 


10.33125 
[0.33101 
10.33079 
10. 33054 
10. 33030 
10. 3 3006 
10. 32982 


ö Tang. 5 


10.05373 
10.05 380 


10.0538 
0.05393 
10.05400 
10.05407 


86010 32910 


: 


** 


10. 32958 


10.32934 


10.32887 
10.32863 
10.328 39 
Secant. 


62 Degrees. 


* 


Io 


| O =. dw þÞ wo | ou. coo 


{ Min. | 


112 


1 480 


A Table of "Artificial Sines, 


2» — 
WEED 


28 Degrees. 


ee — | | 
= © Io 08 own FUR TR o | *UITA 


0 677261994431 


9694590 
9.94587 
9.94580 
2 9.94573 
24855 
9.94560 
3 9.94553 
9.94546 
9.94540 
9-9453319-72 
9.94520 
9:94519 
9-94513 
9.94500 
9.94499 

61 9-94492 
9.94485 
9.94479 9-7 3084 
9 94472 
70919-94405 
[9-94458 
6019-94451; 


„„ 
| Tang. 


572555 
9.72598 
9.72628 
9.72659 
ee 
9.72720 
9.72750 
9.72781 
9.72811 
9.72841 


| 


10.27250 


— — — 


10.27433 
10 27402 
10. 27372 
10.27341 
10.273171 
10. 27280 


N 


10. 27220 
10.271189 
10. 27159 


10.05 440 


Secant. 


10.0540 
1 0.0541 3 
10.05 420 
10.05427 
10.05433 


10.05447 


10.05454 
10.05 460 


10.05407 


9. 9.72872 
9. 72902 
9.72932 
9.72963 
922993 
9.73023 
9.73054 


9.73114 
223144 
9.73175 
9.73205 
9 73235 
9.73205 
9.73290 


9.94445 
9.94438 


319-94417 


9.94404 
19-94397 
9.94390 


9.73326 
9.73350 
9.73380 
9.73416 
9.73440 


9.94424; 
9.94410 


| 


Sine. | 


10. 10.269077 


10. 27128 
10. 27098 
10. 27068 


10. 27037 
10. 27007 


10. 26947 
10. 26916 
10. 26886 
10. 1.26856 
10. 10.2682 5 
10. 26795 
10. 26765 
10. 26735 
10 26705 


10. 26674 
10. 26644 
10. 26614 
10. 26584 


10.265 54 
1.26524 


Tang. 5 


10. 05474 
10.0548 


10.0548 
10.05 494 


10.0501 
1005508 
10.0555 
10.095521 
10.055280 
10.0535 


1 O.O5 542 
10.0554 


8 


10. 05 562 
10.05 569 
10 05570 
10.095583 
10.05 590 
10.05 596 
10.0560 3 
10. 05610 


10 32839 
10.32815 
10.32792 
10. 32768 
10 32744 
10.32721 
10.32697 
l10,32073 
10.32650 
10.32626 
10.32602 
10.325 79 
10.3255 


10.32508 
10.3248 5 
10.32461 
10.32438 
10.32414 
9 
10. 32367 


10. 32320 
0.32297 
10.32274 
10.322 50 
10.32227 
10.32204 
10. 32180 
10.32157 
10.32134 


Secant. 


\ 


© I Bee. 


10.32532ʃ4 


10.323443 


7 


481 ] 


Tangents, and Secants. 


* 


28 Degrees. 


< Sine. 


18 


. 9 "FIBER 


36 9.680 
38 9.68 


— ñꝗ — — — — 


30 9. 57866 9 94390 
31 9.67890 9.94383 

320. 67913:9-94370 
| 33 9. 67936 


349 6725202 94362 


— _————— ——— 


35 9.07982 
0619 94349 
|37;9.68029 
O52 
39 9.6807 09.9428 

40/9 9 680989.94321 
14119 68121[9.94314 
142,9-0814419.94307 
43]9-6816719.94300 
14419-08191 
45|9-58214]g. 94280 
49.682379. 94280 
4719-08260[9.94273 
48] 9.0828319.94206 
2 9.0830019.94259 


4 


9.9439 


— — 


9.94359 


* 94542 
9 9708 


i 


9.94293 


09.683280 9.9425 2 
| 5109 68351 
; # 9 0837419-94238 

53 9-0839719.94231 
54 9.68420 9.94224 


9.94245 


1 — 


55 9.68443]9-94217 
| 56 9.684669.942 10 
57 968489 9.94203 
58 9. 685 1209.941960 
59 9.685 34/9.94189 
[5 9.6855719-941832 


} Sine. 


Tang. 


9.73470 
9.73507 
9 73537 
9 73507 
9 73597 
9 73027 
9.73657 
9.73687 
9.73717 
9.73747 


10.20524 
10.20493 
10.204.63 
10.204.33 
10.26403 


10.26373 


10 26343 


10.2631 
10. 2628 63 
10 26253 


9.73777 
9.73807 


9.73837 


9.73867 
9.73997 
9.73927 
9.73957 
9.73987 
9.74017 
22847 
974077 
g 74107 
9.74137 
9.74166 
9 74199 
9.74226 
9.74256 
9.74286 
9.74316 
9.74345 
923 


10. 26223 
10. 26193 
10. 26163 
10. 26133 
10 26103 


— — —y— 


Secant. 


10. 05610 
10.0561 
10.05624 
10.0503! 
10.05038 


10.0594 5] 
10.059051 to. 


10. 05058 
10 05505} 1 
10 05072 
10.05679 
10,05086 
10 05093 
10.05700 
10 05707 


10,26073 
10.2004.3 
10.26013 
10.25983 
10 25953 


10.25923 
10.25893 


10.25 864 


10.25 834 
10.25 804 


10.05714 
10.05721 


10.085727 


10. 5734 


10.0741 


10. 32110 


10.320564 
10.3 2041 


5194805 
10. 0 3192, 


10 3198902 


10.318956 


10.31787 
10.31703 
10.31741 


10. 10.05748 
10 05755 
1005762 
10. 05769 
10-95770 


L0-23/7® 
10. 25744 
10.25714 
10.25684. 


0.05783 


10. 05790 


1905797 
10.05 804 


10. 05811 


25 10. waned Fab 18 


10. 31072 

10.3 1649 
10.311626 
10.3 1603 
10. 31580 


10.31557 
1031354 
10.315111 
10 31489 
10. 31466 


10. 32734 
10.3 2087 


1 


1031833 
10.31810 


| | — —— 


10.31718j1 
10. 31505 


1.31443 
| © Secant. 


61 Degrees. 


10 


1 . O - us Þ an | 0 


5 


13 


$* 


s | 


[42] 


1 Table of Artificial 8 Dy 


. 


130 


. 


S ON Own 2 8 — o |  UITA] 


122 


— 
22 


8 
O01 


MW 
— 


8.58 8 
00a eee 


SJ Own 2 O 
O 


9.590 109.9 
9.69032 
9.09055 
9.09077 
9.09100 


9.94182 


9.94175 
9.94168 
9.04 
4 
9.94147 


94] 9.94140! 
9-94133 
9.94120 


9-94119 


9.9411 2 
9.9405 


9.94098 
9.94091 
9.94083 
9.94070 


9.94009 


9.94002 
9.94057 


9224048 


| 


Tang. | 


—— —— 


9 74375 


9.74405 
9.74425 


6 9.74465 


2274494 
9.74524 
974554 
9.74584 
9.7404 2 
9. 9.74043 


9.74673 
9.74.702 


974732 


9.74702 
9:7479! 


10.25025 


10, 10.25476 


£0 #3595 
(0.25505 
10.25530 
10. 19.2506 


10.254406 


n? 
10.25387 


10. 0.25357|10. 


10. 25327 
10. 25298 


tO. 25 208; 


0.25235 


Secant. 


10.05818 
10.0582 5 
10.05 822 
10.058839 
10.0584 
10.058 53 
1005800 


10.05867 


10.435874 
10.095881 


10. 31329 


10.05 888 
10.05 895 
10.0 5902 
10. 05 i 


10. 25209 10. 05917 


9.741 
9.74851 


9.74880 


9.74910 
224939 


9.9404¹ 
9.94934 
9.94027 
9.94020; 


9:94013/9.7 


9.69122 
9 69144 
9.09167 
9.69190 
9.69212 


| 


9.74959 
9. 74999 
9 2 
9.75058 
9.75087 


9.94005 9.75117 


9.93998 
9.93991 
9.93984 
9.93977 
9.93970 
Sine. 


9.75140 
9.75170 
9.75205 
9.75235 
£75304 


| 


10. 25179 
10. 25150 


—— 


10. 05924 


10. 95931 


10.25 120010. 05938 
10. 2509010. 05945 


10.2 5001 


e 


10. 10.250371 IO, 05959 


10. 2 5002 


10. 24972 
10. 24942 
1024913 


10.0590 
19.8597 
10. 05980 
10.059088 


10. 1024883 10 05995 


10. 24854 
10 24824 


10.247905 


10. 06002 
10. o 
10.060 16 


10. 24765 10. 06023 


10. 24730, 


Tang. 


10.06030 


10.31443 
10. 31420 
10.31397 
10431375 
19 31352 
10.313006 
10.31284 
10.31261 
10. 31238 


— — 


10. 31216 
$0-81193 
10.31171 
10.311148 
10.314125 
10.31103 
10. 31080 
10.3 1058 
0.31035 
10.31013 


10. 30990 


10. 30968 


19.3995 
10. 30923 
LO. 50900 
10. 30878 
10. 30856 


0. 3083303 
10.308110 
10. 3078803 


10. 30766 


Secant. 


60 Degrees. 
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_ 


Tangents, and Secants. 


1 — 


29 


Degrees. 


$ - 


1 = 


Sine, 


31 9 69256 
32 9.69279 
33 9.69301 
[34 9 09323 


35 9.09345 
36 9.69368 
379 09390 
38 9. 5655 
39 29. 60434 
15 9 69459 
41 9 09479] 
42.9 69501 
143,9-£9523 
44 9 09545 
145, 9-29507 
46 9. 093.09 
47,9.09011 
4819. 69633 
| 491 9-9 60655 
5019. 69677 
$119. 69700 
9 69722 
9.69744. 
9.99705 
9. 1.69787 
9.09809 
5719 69831 
158|9-09853 
9.09875 


„ 


30 9.69234 


. 


9719-93753 


— — — 


9. 53075 
9. 9393 
9.939555 
9-93943, 


2394. 
9.93934. 
9 93027 
9 93919 
9. 93912, 
9. 9.93905! 
9.93898, 
9.938 391 
9.93884 


1 | 


9.75264 
9.75294 
975323 
975353 
9 75392 
9 75412 
9.75441 
9.75470 
9-75500 
925529 


9.75559 
9.75588 
9.75617 


10.247360 
10. 24706 
10.24677 
10. 24647 


10. bog ads Pon 


10. 245 89 
10 24559 


10 24530, 
10.24 500, 


Secant. 


10. 10.060300 
1006038 
10.0004 5 
10.0605 2 


10. 06059 


10. 10.3076 
10. 30735 
10.30722 


10. 30699 


1.30077 


10.0606 
10.006073 
10.0608 1 
10 06088 


10. 10.24471;10 0! 06095 
10.244421 10. 06102 


10.24412!10.00109 
10.061 15 


10.24383, 
10. 06124 


9.938709 75647 10. 24354 
9.9 93809! 9. 75676 10 10 24324 10 06131 


9.93592 


993811 
9.93804 
9-93797 
9.93790 
9.93782 

9.93775 
9.93768 
9.93700 


Sine. 


9.75705 


10. 24295 


10.06138 


| — 


10. 3055 5 | 
10.30032 
10 30010| 


10.30589 
10.30500 


10. 30544 
10. 30521 


10. 30499 
10-39477 
10.39455 


10.30433 


500. 7573510. 24200 10 00145) 10. 30411] 1 


9. 757641 24236 10. 06153110. 30389 


ns ry i i. 


10.2 


2 10.24178 


4207110.06160 


10.05157 


10.24145 


10.24119 


10. 24090 


10.240061 
10. 24031 


10. 24002 


1.23973 


6010. 23944 


10.23914 
10.23885 


10. 23856 


Tang. 


10.06174 


10.006182 
10.061189 


10.00203 


| 
10. 06196 


1.30367 


— 5 


10.30323 


10.30279 
10.30257 
[0.30235 


0.05211 
10.00218 
10.00225 
10.065232 
10. 06240 
1006247 


10. 30191 


10.30213 


10. 30169 
10 30147 


10.30125 


10. 30103 


| Secant. 


101 
10.30301 


60 Degrees. 


1 Min. | o — ts v3 > v1 | N ©O 


"1 
7 
* 
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24 
1 
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[ 484 ] 


. 1 able of Artificial Sines, 


-Y a n ** . 


30 ory 
= Sine. Tang. {1 Secant. | 3 
| © og TT 93753 9.76 14410. 238 560 10.062470. 30 103050 
1 19.69919 9.76173 10. 23827 10. 06254 10. 30081059 
219 69941 9.76202 10. 237980 10.06262] 10. 300 59058 
3 9.69962 9.7623 1010. 23769 10.006269 10. 3003 575 
_419-09984 9.93 9.760261{10 2373901. 0.00270 10. 30016560 
519.70006[ 9.97 9.76290 10.23710| 10. 0.0284 19.29994[; 5 | 
69. 70028 9.731910. 2368 1010.06291010 2997254 
719.7005c 9.763480. 2365 2 10.052980 10 2995c]- 3 
89.700729. 9 7637710. 23623 10. 0630510. 2992852 
919 7009:19 9368759 2640610. 23594 10.013010 29007051 
109.7015 9.764351. 23565 10.063 20,10. 2988550 
411%. 70137 9.764040 235 36010 06328010. 29862 
120. 70159 9.76493]10.23 50% 10 0633510 29842 
130 70180 9.765 22010. 234780 10.063420 10. 29820. 
11419-70202 9.70551 10.23.449]| 10. 00350 10 2979: 
15 9.70224 9.70581110.23420\ 10, 06357 10.2977: 
1019.70245 9.76610 10. 23391010. 063 304 10.2975 
11719.70267 9.76639 10. 2336210. 00372 10 29733143 
1809.702899. 9.700810. 233330 10.060379 10 2971202 
199.7031000. 9.76697 10.233040 10. 06386, 10.2: 2995 — 
2009 7033219. 59.767260 10.232750 10. 06394. 10. 2906e [10 
42119 7035319-9359919-70755|10 2324610. 06401 10. 29647 
42219 7037519 119.76783[10 2321710. 06409, 10.,29625 
| 23 97039 9 76812010. 23 1880 10.06416ʃ610. 29604 
24 ee 709.7684110. 231500. 00423 10. 10.295 82 30] 
250 704.40): 7687010 23130|10.00431: 10. 10.29501j35 8 
269.7046 9.76899 10.231010 10. 0643810. 295304344 
27 9.70483 lo 9.769280 10. 23072 10. 06446 10 2 518033 
2849. 70504; 9.7695;7|10.23043|10.06453'10.29496j3 2 
2909 7052519. 9358019 769% 10.23014j10.00461'10.29475}31 
3919-79547) 9.77915] 10.22985110. 1006469 10 29453130] 
FY | Sine. „„ Secant. 


| 59 Degrees. 


C 
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Tangents, and Secants. 


30 Degrees. 


9.70075 


9.70782 
9 70803 


9.7054 
9.70568 
9- 70590 
9 70611 
9.70033 
9 70054 


9 70697 
9.70718 
9-70739 
9.70701 


9.70825 


Q 70909! 
9 70931 
970952 
970973 
9.70994 
9.71015 
9.71030 
9.71058 
9.71079 
9.71100, 
9 71121 
9.71142 
9.71163 
971184 


| 


9.93525 
9.93517 
9.93510 
22229 
9.93495 
9 93487 
9.93480 
9.93472 
9-93465 
9.93457 
9.93450 
9.93442 
9.93435 
22347 
9.93420 
9.93412 
993405 


9˙93397 


922299 
2 93392 
3-93375 
9.93367 
9.93360 
793355 
1.93344 
3-93337 


1-93329 


9.93322 
9 93314 


Sine. 


993532 


Tang. 


a eee 


9.77015 


9.77044 


9.77073 
9.77102 
9 [7:39] 


I 77159 
3.77188 
9.77217 
9.77246 
9-77275119: 
9.77303 
9.77332 
9-77301 
9.77390 
92241800 
977447 
9.77476 
9.77505 
977533 
9.77502 
9477 591 


9.77706 


9.77703 
0.77792 
9.77820 
9.77849 


Waka 


9 77734 


9.77020 
719-77048 
9.77677 


| 


10 22965 


10. 22950 
1022927 


Secant. 


10 10 06468 
10 06475 
10 06483 


10 22899 10. 06490 


10 22870 


10 22841 
(0.22812; 
10.22783 


10.00498 
10. 00505 
10 065 13 
10 065 20 


10. 2275410 06528 


10. 22720 
10. 22697 


10 22582 


1022553 
10 225 24 


10. 22495 
10.224067 
10.22438 


10 06535 


ry: 0b543 
10. 22668 ,10.00550 


10. 22639 10 06558 
1022610 10. 06565 


10.060573 


is o0588 
10.00595 
10.06603 


10.22409 
10.22381 
10 22352 
10. 22323 
10. 22295 


10. 22266 
19.22237 


10.22209 


10.22180 
10 22151 
10.22123 


5 Tang. 


10.0661 8 
10.00625 
10.0003 3 


10. 065 80 


10. 06610 


10. 06640 


10. 1.06648 


10. 10.0656 
10. 06663 
1006671 
1006678 
1006686 
10 06693 


| 


"Hy 


10 29453 
10 29432 
1029410 
10 29389 
1.29367 
10.29346 


10 29325 
10.29303 


10 29282 
0 29261 


—— ͤ ßärũ᷑— 


10. 29239 


10. 29218 


10. 29197 
10. 29176 


10.291 54 
10.29133 


10.29112 
10. 29091 


10. 29069 
10. 29048 
10 29027 
10. 29006 


10.2898 5 


10. 28964 
10 028943 
10.28921 
10. 28900 
10 28879 
10. 28858 
10.28837 
10. 28816 


Secant. 


59 Degrees. = 


101 


to — ta IN 00\O 


Min. 


O : 

16 

- [N 
d 

+4 

{ ol 

4. 4 


486 ] 


"A Table of Artificial Sines, 


. Degrees. 


. 


2 
— 


15 
147 
18 
419 

20 


3 


Sine. 
9.71184 


9.7122 
971247 
9.71268 


1 


9.93307 
9.93299 
9.93291 
9.93284 
993270 


9.71289 
9.71310 
MEIN" 
„ 
9-71373 
10 


9.71455 
9.71456 


1419-71477 
9 71498; 


9.71539 
9.71500 


9.71602 


9.71663 
2.21085 
9.71705 
9.71726 
9.71747 
9.71707 

9.71788 


9.71414: 


9.71551 


9.715922 
19-7'043 


9.71809 


9.93269 
9.93261 
9.93253 
9.93240 
9:93235 
9.93230 
9.93215 


9.93208 
9.903200 


— — —{u_ 


9.93177 
9.93169 


9.93154 
9.93145 
9.93139 
9:93131 
9.93123 


9.93108 
9.93100 
9.93092 
9.93034 


Sine. 


9.93223) 


9.93102}: 
1619. 7151 g19.93185 5 


9.931610. 


993115 


9-9397719 78 


Tang. 


9.77877 
9.77906 
9-77935 
9.77903 
9.77992 


— — tn me oo 


10.22123 
10. 22094 
10. 22065 
10. 22037 
10. 22008 


| Secant. 


10.06693 


10.05701 


10.00709 
10.06716 


10.067 27 


10.2881 6 


10. 28795 


10. 28774 
10. 28753 
19.283256 


9.78020 
9.78049 
9.78078 
9.78106 
9.7813; 
9.78163 
9.78192 
9.78220 


10.21980 
10. 21951 
10.21923 
10.21594 
10.21805 
10.2137 
10.21808 
10.21780 
IO 21751 


> — — << — 


10.007 22 


10.06729 


10.00747 


10.007 54. 


10.06762 


10.28711 55 


10. 28690 
10. 28669 
10. 28648 
10.28627 


10.06770 
10.060777 
10.00785 
10.060793 


10.068col 1 


ä ——— 


6] 10.21 F098] 10: 56808 


10. 2166010. 06816 
to. 21637 10.06823 


10. 21609 
10. 2158101 


10.218552 
10.21524 
10. 21495 


10. 21467 


10. 21438 


10.06831 

6839 
10. 5.06846 
10.0085 4 
10.00862 
10.06869 


10.00877 


I0.21410 
10.21392 


10.21353 


[0.21325 
10.21290 


10.21 208 


Tang. 


10.0688; 
10.0689} 
10.05900 
10.069008 
1006916 
10.065923 


10. 28607 
10.285 86 
10. 28565 
10. 28544 
10. 1.28523 
10. 10.28 502 


10.284810 44 


10.284061 
10. 28440 
10. 2840 


10.283984 


10. 28378 
10.283957 
10. 28336 
10 1028315 
10. 10.2829 5 
10.28 274 
10. 28253 
10. 28233 
10. 28212 
10. 28192 


Secant. 


58 Degrees. 


—ů̃ — 


47 
46] 
45} 
434 
42 

4 


— „ 
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Tangents, and Secants. 


Y 1 Degrees. 


VI 
2 


1 * 
43 


0 
I 60 


Sine 


— — — —Ah— — 


9. 71809 


9.71829 
9.71 850 


9.7570 


9 71891 
9.7IQL1 


49-/71932 
749 71973 
271973 


9 71994 
9.72014 
972925 
1 
9 729 
9 72096 
9.72116 
9 7 


972157 


972177 


9.72198 


Tang. 


9.930779 .78732 
9.930699. 78760 
1-9300119.78789 
9.9305309.78817 
3:9304019 79545 
9.9303519.78874 
9.9303019.78902 
9-9302219-75930 
9.9391519.78959 
9.9300719-75987 
3-9299919-79015 
9-92901[9.7904.3 
9.929839 79072 
9-9297019.79100 
9.929081[9.79128 
9.929609 79156 
9.929529. 70185 
9.929449 79213 
9.92935 79241 
9-9292919-79269 


9 72218 
9.7 £439 
972279 
9272279 


54277299 
9.72320 


9 72340 
9 72300 
9.72381 
9.72401 
7242 * 


| 


9929211979297] 
9.929130 7932 
9.929059 79354 
9-9289719-79382 
9.9255919-79410 
9.928819 794.38 
9.928749. 79456 
9.929660 70495 
9928589 795723 
9 92855 79551 


9 9294219. 9/9579 


Sine © wy 


10 21268 


Tang 


10. 21240 
10.212111 
10.2183 
10 21155 


10 21126 
1021098 
1021070 
1021042 


10.21013 


10. 2098 j 


10. 20957 
10.20928 


10 20900 
10 20872 
10 20844 
10 20815 
10. 20787 
10.207759 
10.207311 
10. 20703 
10. 20674 
10 20646 
10.2068 
10. 20590 


— —— — 


— 


10 20562 
10. 20534 
10 20505 
10 20477 


10 20449 
10 204.21 


9 


Secant. 


10 00923 
10. 00931 
1006939 
10. 06947 
IO. 10.06954 
10. 10.056902 
10 06970 


10.056978 
10 06986 


10 06993 


10.070001 


10 28192 


10 28171 


10 28150 
10 28130 
10.28109 


10. 29089 
10 28068 
10. 28048 
10 28027 


IO O/o Ho. 


10.7017 
10.07025 
10.070 32 


10.07040 


10 07048 


10.07056 
10.07064 
10.07071 


10.07079 
10.07087 
10.07095 
10.07103 
1007111 


— — — 


1007118 
10.071206 
10 07134 
10 07142 
10.07150 


1007158 


$0.2 7948 
10.27925 
10.27904 
10.27884 
10.27803 


10.278430 
10. 27823 


10. 27802 


— — 


10 27782 
10. 27762 
10. 27741 
10 27721 
0 27701 
10 27681 


10 27660 


10 27640 
10 27620 


10.27 599 


027579. 


Secant. 


8 Deorecs. 


10 


Iin. 


i 


Fo = AE IIS . 


: 
' 
i 
my 
| 
7 
x 
| 
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A Table of Artificial Sines, ; 


| 


3 2 Degrees 


— 
dd 


9.72843 
9.728639. 


Sine. 


972421 
972441 
9.72401 
9.72482 
9.72502; 
9.72522 
9.72542 
9.72502 
9.72582 
2 
9-72023 
9.72043 
9 72603 
9.72083 
14Þ 72703 9: 
9.723 
>19. 72743 
7 19-7 2703 
g 72783 
1919-7 72803 


9.92842 
9.92834 
9.92820 
9.92818 
9.928 10 


9.92803 
9.92795 
9.92787 
9.92779 
9.92770 
9.92763 
9.92755 
9.92747 
9.92739 
9.92731 
9.92723 
9 92715 
9.92707 
9.92699 


9. 72823 


9.72883 
2419 72902 


9 72962 
872585 


9.73002 
9.23022 


19 7292209. 
9.729420). 


9.92691 


9.92619 
992611 
9 92603 


| Tang | 


— cu — 


9.79832 


3 9.80140 


9 80279 
9 80307 
9 80335 


— —— 


979579 
9.79007 
9.79035 
9.79663 
9.79691 
9 79719 
9.79747 
9.79776 
9.79804 


10. 20421 


10. 20393 
10. 20365 


10 20337 
10. 20309 
10. 20281 
10 20253 
10.20225 
10.20190 
10. 20168 


—— — ne 


10. 20140 
10. 20112 
10. 20084 
10. 20056 
10. 20028 


— — —— 


10. 20000 


10. 19972 


10.419944 
10. 19916 


10. 19888 
10. 19860 
10 19833 
10 19805 


10. 19777 
1.19740 


9.79860 
9.79888 
9.79916 
9.79944 
8 
9. Soooo 
9. 80028 
9 80056 
9.80084. 
9 80112 


9. 80108 
9.80196 
9.80223 
9.8025 1 


T0.07158 


10.07106 
10.07174. 


10 07182 
10.07190 


| 


| Secant. 


10.27579 
ade? $3. 
10 27539 
10.27518 


10. 27498 


1007198 
10.0720 5 
10.07213 
10.072217 
1007229 


— — — 


10.07 237 
1007245 
10.07253 
10.07261 
10.07269 


——— 


10 07277 
10 07285 


10.07293 
10.073O1 


10.07.3029 
10.07317 
10 07325 
10.07333 
10 07341 
10 07349 


10.19721 


10.19693 
10. 19665 


1019637 


9.80363 
9.80391 
9 80419 


10.19581 


— 


. | Si Sine. 


| Tang. 


10. 19609 


—| 


10.07357 
0.07365 


10.07373 
10.07381 
10.07 389 
227997 


10 5 27478 
10 27458 
10. 27438 
10. 27418 
10 27398 
10.27378 
10.27357 
10 27337 
10.27317 
0.27207 
10.27277 
10 27257 
10.27237 
10.27217 
10.27197 
10.27177 
10.27157 


10.27137 


0.27118, 


10 27098 
IO. 10.27078 


10.27058, 34 
10.27038, 33 


10. 27018 


10. 26978 


Secant. 


10. 26998 31 


57 Degrees. 


35 


32 


n 


. { Min. 


oO 


ld 


» _— 


[ 489 ] 


Tangents, and Secants. 


32 Degrees. 


— —y-— 
— — ——_ 


130 9.73022 
13119-7394 
13219-73001 
3319-73081 
134 9.73101 
35 9.731219 
36 372185 
38 9.73180 
39 , er 
4019-73219 
4119-73239 
42973259 
14319-73278 
44 9.73299 
4519-73318 


9:7 3357 


| 4819-73377 

49 923300 
5019-73416 
$11]9-73435 
5219-73455 
| 5319-7 3474 
15419:73494 
5519-73513 
5519-73533 
57197355317 


19:7 350 


15919-73591 
5009 736i! 


Sine, 


29.597 
900 2579 


9. 92522] 


9. 594850 8 


9.92441 
9.924339 
9.92425 


9.92408 
9.92401 
297 


9.92376 
9. 92367 
9 92359 


| Tang. . 


9.92603 0. 80419 
9.92595 0.80447 
9.80475 
9. 30803 
9:92571 9. 9.80530 

9595563 9. 380d 
9.92555 9.80586 
00.5254) 9.80014. 
9 92538 9. ou 
9-92530 ,9: 80669 


9.80097 
9.925149.80725 
9.92505 0. 807 53 10. 19247 
9.92498 9 80781 
9.92490 9.80808 
9 80836 
9-92474,9-30304 
9.92465 9.80892 
9-92457,9 80919 
9 92449 9.80947 
2 . 50975 
9.8 1003 
9.81030 
9. 92416 8 


9239419: 


9.81224 
9.81252 


Sine, 


10.19581 
10.19553 
10. 19526 
10.19498 
1019470 


10. 19442 
1.19414 
10. 19386 
10. 19359 
10.19331 
10.19303 
1 95 19275 


10. 19220 
1.19192 
10.719164 
10. 19136 
10. 19108 
10. 19081 
10.1903 
10. 19025 
10. 18998 
10. 18970 
5810. 18942 
9.8 108610. 18914 
10.1888 7 
to. 18859 
10.18831 
510. 18804 
1.18775 
10. 18248 


| Tang. 


Secant. 


10.0742 


10.07 39710. 26978. 
1007405 10.269 50.29 
1007413 fo. 20939 
1110. 26919 
10.074290. 26899 


10.074370. 26879 
10.074460 26860 


10.074540. 26840 
10.074620 26820 
19.07470]10.26800 


| 
| 


10 07478110.20781 
10,07480110,26761 
10.07494 110.2674 1] 
I0.07502110.20722 
10 07510{[10. 26702 
10.0751810, 26682|15 
2007527 
ae 
10.075 4310 2662412 
10.055 110. 26604 


bo 


10.075 5910. 26584 
10.075670. 260565 
0.07575 [0.26545 
10.075 8410 26520 
10.075902 10. 2650 


10.07600 [10 26487 
10.076080 26467 
10,26448; 
10. 26428 
10.076330. 26409 
10 07641025389 
I Secant. 


10.07616 


0.0% 


$7 Degrees. 


Min. 


30 


284 


2714 
26 


25 I 
24 
23 
22 
214 


20 
19 
188 
7h 

16. 
15 
10. 26663014 
10. 04313 | 


111 
10 


fo = — | O09 GON 
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why 


A Table of Artificial Sines, 


33 Degrees. 


7 


5 ho” oa own fo wire 1 OIL 


1 . * 


— 
— 


py buy 
GN 


| Wore bh 
O JO Ow Ow 


8 Dd 
8 — 


[> 02 


9-7 3901 
9.73921 


9.74151 


9-7 3940 
9-73959 
973979 
9.73998 
9.74017 
9.74036 
9.74055 
241 c 
9.74093 
9.74113 
9-74132 


9.74170 
9.74189 


9.92342 
9.92335 


9.92326 
9.73708 
9.73727 
9.73747 
973700 
9-73786 
9.73805 
9.73824 
9.73843 
9.73863 

9.73882 


9.92318 
9.92310 
9.92302 
9.92293 
992285 
992277 


9.92260 
9.92252 
9.92244 
9.92230 
9.92227 
9.92219 
9.92211 
9.92202 


98 
9.92186 
992177 


9 92169 
9 92161 


9 


9.92127 


9 92111 


Sine. 


Tang. 


9.81252 
9.81279 
9.81307 
9.81335 
9.81305 
9. 9.81390 
9.81418 
9 81445 
9.81473 
9.81500 
9.81528 
9.81556 
9.81583 
9.81611 
9.81638 
9.81666 
9.81693 
981721 
9.81748 
981776 


9.92359 
63019-92351 


9.92269 


4 


10.18748 
10.18721 


10 18665 
10.18638 


— — — 


10. 18610 
10 18582 
10.1855 5 
10.18527 
10. 18500 


— — — — 


10.18472 
10. 18445 
10. 18417 
10.18389 
10. 18362 


10.418334 
10. 18307 
10. 18279 
10. 18252 
1.18224 


9.81804 
9.81831 
9.81859 
9.81886 
9281913 
9.81941 
9.81968 
g 31996 
9.82023 
9.82051 
9.5 82078 


992144 
9.92136 


9.92119 


— — 


1018197 
10 18169 
10 18142 
IO. 181140 
10. 18087 


10. 18059 
10.18032 
10. 18004 
10 17977 
10.17949 


Tang. 


3 


10. 18693 


10.17922 


Secant. 


10.0764 1 
10.07649] 
93} 10.07057 
10 07606 
10.0707 4 


10.07682 


10. 07690 


10.076698 


10.0770 


10.0715 
10.0793 
1007731 


10. 07740 


10.07748 
19.97759 
10.07765 
1007773 
10.07781 
10.07789 
10.07798 
10.07806 


10 07814 


10.07823 
10 07831 


10 07839 


10.07848 
10.078566 


10.07864 


10.07973 
10.078817 


10.007889 
7 Longs 


10.26099 


—ů—— — — — 


10. 26389 
10. 26370 
10 26350 
10. 26331 
10.263111 


10 26292 
10 26273 
10. 26253 
10. 26234 
10. 26215 


10 26157 
10.20137 
10.20118 


10 26079 
10. 26060 
10.2604 
10. 26022 


10. 26003 


10. 25983 
10. 25964 


19.2594 
. 6 


10. 25907 
10.258888 


10. 25808 
10.25 5849 
10. 25830 
10.25811 


— — — 


Secant. 


56 Degrees. 
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Tangents, and Secants. 


33 Degrees. 


Sine. 


—— — — 


9.74189 


9-74227 
9.74246 


3419-74205; 


9 gt 9.92102 


L a0 [ 


9.92111 


— 


— LS 


10. 17922 
10.17894 
10. 17867 


10.17839 
10.17812 


9. 92078 
9.82106 


9.82133 
9.82101 


9992894 
9.92086 


9 920771}9.82185 


Secant. 


1 


| 


| 


10.07889 
10.07898 
10.0790 
10.07914 
10.07923 


9. 9.74284 
9.74303 
9.74322 


9.74379 
9.74398 
9.74417 


4319-74430 


9.74455 
9.74474 


9.74493 


9.74512 


$19 7453119-91959'9 82571110.17429 
4919: 74549 9 9295149:8 82599 10.17401 


9. 74569 9.91 91942. 9. 9.82626 10.17374 


9.745879 


9.74044 


— — 


9.74981 
9.74700 
9.74719 


15919-74737 
(0919 74750 


9.7434 92044; 
9.74360|9.9203519 1277 1017675 


9.7400 
9.7462 5 


9.92068{9.82215! 
9.9206019.82243{10.17757 
9.0205219.82270{10.17730 
9. 82298 10. 17702 


10. 17785 


10.0793 
10. 07940 
10.07948 


10.07956 
10.07905 


10.25811 


10.25 79297 


10. 25773 
eg 
— FÞ 
10.25716 
10 25697 
10. 25678023 
10. 25059]; 
10. 10.2564 


9.92027 9.8235 210. 17648 
9. 9201819: 82380 10 17620, 
9.920109. 82407; 10. 17595 
9. 9200249 02435 10,1750; 
29.993. 9.82452 10.17538 
9.91985 9.82489 10. 175 
9 9197619. 82517) 10. 17483 
9.919589.82544 10. 17456] 


9.91034'9.82653' 10.17347 
9.91925 9.82081'10.17320 


9.91917,9.82708; 10.17292 
9. 91908 9 $2735 10.17265 


9.91892 9.82790, 10. 17210} 
9.91883;9.82817,10.17183 
9.91874 8284410. 17156 
9.91800, 9. 92872 10.17129 
2.97 ALE — 82890 10.171011 


1 {> 
1007982 


10. 07999 


10. 25621 
10. 25602 


10. 25564 


— — 


10 08024 
10.08032 
10. 08041 
1.08049 


10.0801 50 10.255 26 


10.25 50% 


10.25488 
10 25409 
10. 25451 


10.089058 


0.08075 
10.08083 
1 0.08092 


— — — L—wä— — 


9. 9:74062 9.91900 9.82762! 10. 17238; 10.05100 


10.08 109 
10.08117 
0.08 126 
10.008134 
10 05143 


Sine 


Tang. 5 | 


10. 08066 


0.25432 


10.25 394 
10 25375 
10.253 50 
1025338 
10 25219 
10. 25 300 
10 25281 
10.25263 
1025244 


Secant. 


10. 0799010. 25 583 


10 0800710 255550 


10. 25413 


N 
E 


| . 


56 Degrees. 


| 


: Min. 


E ba 


lo < © 6-4 * Re 


— 
— 


o = . - _ o . *. — — — 2 — 9 
. - - ——— - I's _ >, — 
— —_—_ — 1 - To 
LY TS = oC res. i I OBE IE — 
OY ——— — 72 — . 
— ä — — — =_ k _ 


as, At — 


— 
— 


— q — 
1 — 


— — 


o 7 
> 
. U 
+14 
44 
bl p 
. 


— 10 ROT c — - gu inn” wang co en eee as ents > o "pt nn - - ad ON * 
— « = _— — — — WW WI > <- — * mo — . 1 2 — — 2 — 2 — — wo — 
— l 


ms Pas. = — 


olo — n . ur 


k : 
1 4 8 8 * 


[ 492 ] 


— 


"A Table of Artificial Sines, = 


1 


| 


3 4 Degrees. 


Sine. 


9:7475619-9 
9.74775 
9.74794 
9 74812 
9-74931 
9-74850 
9.74808 
9.74887 
9.74906 
224924 
9.74943 
9.74962 


1219-74980 


3+ 74999 
975017 
9 75930 
975054 
975073 
9.75091 
975¹¹¹¹0 
9.75128 


2109.75 147 


9.75165 
9.75184 
9-7520219-9 
9.75221: 
9.75239 
9.75258 
9.75276 
9.75294 
9.75313 


9.91772 


9.91857 
9.91849 
9.91840 
9.91832 
9.91823 
9.91815 
9.91806 
9.91798 
9.91789 
9.91781 


9.91763 
9.91755 
9.91746 
9.91738 
9.91729 
9.91720 
9.91712 
9.91703 
9.91095 
9.91686 
9.91677 
9.91669 
91660 
9.91651 
9.91643 
9.91634 
9.91625 
9.91617 
9.91608 
9-91599 


Sine. 


4 


__Y 


9.83008 


9.83035 
9.83062 
9.83089 
9.83117 
933144 
9.83171 
9.83198 
9.83225 
9.383253 
9.83280 
9.83307 
9-83334 
9.83361 
9.83388 
923415 


9.83443 
9 83470 
9.83497 
983524 
983551 
9.83578 
9.83005 
9.83032 


TIS 


9. 1.82899 
9.82920 


9.82953 
9.82981 


9.83659 
9.83686 


| 


9 83715 


— — 


10.17101 
10.17074 


10.17047 
10. 17020 


10. 16911 
10. 16884 
10. 16856 


10. 16829 


10. 16802 
10. 16775 
10. 16748 
10. 16720 


— — ——— 


10. 16693 
10. 16666 
10. 16639 
10. 16612 
10.16585 


10. 10.165578 
10. 165 30 


10. 16503 


10. 16476 


10. 16449 
10.715422 
10. 16395 
10. 16368 
10. 16341 
10.16314 
10.16287 


Secant. 


10.08143 


10.08155 


10.08349 


10.08151 
10.08 160 
10.08 168 
0.03177 


10.08194 
10.08202 
10.0211 
10.08220 
10.008228 
10.08237 
10.08245 
I0.08254. 
10.08262 


10.08271 
10.08280 
10.08288 
I0.08297 
10. 08305 
10.083 14 
10.08322 
10.083311 
10.08 340 


10. 24890 


10.25 244 
10.25 225 
10. 25 206 
10. 25188 


10.25 169 


10.25 150 
10.25132 
10.251113 


60 | 

59 
58 
57 
56 
55 


54 
53] 


10. 25094 


10. . 
10. 25057 50 . 


10. 25039 


10. 25020 
10. 25001 


0.24983 


10. 10.249064 
10. 24946 
10. 24927 
10. 24909 


10.24872 


10. 24853 
10. 2483 5 
10. 24816 


10. 24798 


10.08357 
10. 08300 
10.08 375 
10.08383 
10.o8 392 
10.08401 


Tang. 


— — 


Secant. 


10.24779 
10. 24761 


10. 24742 


10.24724 
10. 24706 
10. 24687 


— 


tt 


8 


5 5 D 


— 


40 


1 
241 


52 


49 
48 
47 


45 
44 
43 


4 | * * hs 
22 » 4 * 
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Tangents, and Secants. 


34 Degrees. 


31 


9.75423 


9.75505 
9.75624 


9.75696 


Sine. 


— 


„ 


9.75331 


9.75308 
9-75386 
9.75405 


9.75441 
9.75400 
9.75475 
9.75496 
9-75514 
9.75533 
9.75551 
9.75569 


9.7559; 


9-75042 
9.75060 


9.75078 


9 75714 
9.75733 
2288 
9.75769 
975787 
9758805 
9.75823 
9.75941 


9:75959 


9.91599 
9.91591 
991582 
991573 
3:91505 
9-91550 
3-91547 
9.91539 


9.915399. 


9.91521 
9.91512 
9.91504 
9.97425 
9.91486 
991477 
9.91469 


9.91460 


2.91451 
295444 
9-91433 
9.91425 
9.91416 
9:9 1497 
9.91398 
9.91389 


a q 


9.53957 
9.83984 
9.84011 
9.84038 
9.34005 
9.84092 
9. 9.841719 19 
984146 
9.84173 
9.84200 
9.84227 
9.84254 
9.84281 
9-84307 
9.84334 
9.84361 


9 91381 
9.91372 
9.91303 
9.91354 
9.91345 
9.91330 


Sine. 


9.84388 
9.84415 


9.84442 


9.84469 
9.84496 
984523019 


10.1628) 


10. 16260 
10. 16232 
10. 16205 
10 1016178 


10. 10.167151 
10. 16124 
10. 16097 
10. 16070 
10. 16043 


10. 16016 


10. 15989 


F 


| Secant. | 


10,0840 1 
10508409 
10 08418 
10.08427 


10 08453 
10.08462 


| 10 08470 

10 08479 
10.8488 
10 08497 


10. 15962 


10.159351 


10 10 19908 
10. 15891 


10. 08505 
10.085 14 
10. 10.085923 


555 10.085 32 


1015854 10 08540 


10. 15827 
10. 15 800 


10.1 n 


10.15747 
10.15720 


10.15693 
10.15066 


10.15639 


10.15612 
IO.15585 
IO.15558 
10.15531 
10.15504 


10. 08549 
10.085580 


10.0867 


10. 10.0857: 
129. .08584 


10.08602 
10.08611 
10.08619 
Io 08028 
10.08037 
10 08046 
10 0865 5 


1.18477 


—— 


10 08664 


1.08435 
1008444 


10.08 593 


10.2468) 


10 24669 
10 24651 


10.24632 
10.24614 


10.24595 
10.24577 


10.24559 


IO 24541 


10.24522 


10. 24504 
10. 24486 


10. 24467 


10. 24449 
10. 24431 


10. 24413 
8.24394 
10. 24376 


10.243580 


7110.24340 
10.24322 
10. 24304 
10. 24286 
10. 24267 


10 24249 


10. 24231 


1024213 


10 24195 


10. 24177 


19.241159 
10. 24141 


10 


Secant. 


= Degree. 


0 — to v3 Þ un | OI 000 


Min 


K K 


— If — — 


[ 494 ] 


A Table of Artificial Sines, | 
35 Degrees. 


hed | 


Sine. 


Secant. 
185 15477 
10. 15450 
10. 15424 
10.15 397 
10. 15370 

10.15343 
4110.15316 
10.15 289 
10. 15 262 
10. 15 236 
10. 15 209 
10. 15182 
10. 15155 
10. 15128 
1.15101 
10. 15075 
10. 15048 

10.15021 


10. 14994 
10. 14968 


10. 14941 
10. 14914 
10.14887 
10. 14860 


= 
10.24123 
10.24105 
10.24087 
10. 24069 
I0.24051 
10.24033 
10. 24015 
10. 2399 
10.087430 10. 23979 
10.087520. 23961 
10.08 761010. 23943 
10.087700 10. 23925 
10.087790. 23907 
10.08788 10.23889 
10.08797 10.23872 

10.23854 


10.08806 
10.08815]10.23836 
10.23818 


10.588824 
10. 8833 10. 23800 
10. 1.23782 


10.08842 
10.23704 | 


10.03851 
10.08860[10.23747 
10. 23729 


— — 


9. 75850 
9.75877 
9.75895 
9.75913 
22822. 


10.8664 
10.08672 
10.08681 
10. 08690 
10. 08699 
10.08708 
1008717 
10.08 726 
10.0873 5 


9.91336 
9.913289. 
9.913199. 
9.913109. 
9.913010. 


9.7 5949]9-9129219- 
9.7596719.91283 
8519-9127419- 
9.912669. 
9-9125719-84 
9.912481[9. 
9.912399. 
9.912309. 
9.91221 
9.91212 


9.91203 
295 19449 
9.91185 
9.91176[9. 
9.9116719.8: 
9.91158[9. 
9.91150 
9.91141 
9.91132 


— 


[o_ ww Own | vs . — — "UII 


IO 


10.08858 


9.91123 
9. 91 114 


59.911053 
29. 91096 


9.91087 


9.91078 


2 92. 


Sine. 


10. 14834 


Tang. | 


190.0887 7 


10.14807,10.08886 
10. 14780, 10.0889 5 
10. 14753 10. 08904 
10. 14727 10. 08913 
10. 14700 10.08922 

710. 14673 10. 1.08931 


10 23711 
10. 23693 


10. 23676 
10.23058 
10.23040 
10.23022 
10.23605 


Secant. 


54 Degrees. 


[ 495 ] 


Tangents, and Secants. 


35 Degrees. 


* 


| 


Sine. 


Tang. 


70595 9 9106909.85 327 
0413) 9.91060 
6431/9. g1051 
6449| 991042 
6466. 9 9103s 


5484 


9.85407 
9.85.34 


7 
7 
7 
7 
70 
7 
* 
70 


6537/9. 99996; 9-853540 
9705549. 9.909879. 9.85507 
9.76572,9.99978'9.85594 
70590; 9.90969 9.85020, 
70607 
70025 
926642 


560 9.90933 9 85727 


6 
4⸗ 66779. 90924 9.85754 
9 


9.90890 9. 9.85834 
9. 9088719. 9.85860 
9. 90875 9.85887 
9.99869/9.85913 
9 90860, 9.35940 
9.90851 
9.90842 
9.90832 
9.90823 
9.9081419. 
9.90995 
9.90796 

Sine. | 


9.70748 


078 
9.70800 


9.70817 


9.76835 
9 70852 


9.7 
9. 
9. 
9 
9.706. 
9. 
9. 
9. 
9. 
9. 

19. 
9. 
9 
9. 
9 
9.70 
9.7 
9.7 
9.7071 
9.7 
9.7 
9.7 
9.7 


6 
712 
1.70729 
748 
705 
782 


og 75929 


9.85907 


9.55354 
9.85380 


| 


3 
10.140753 
10.14647 
10. 14620 


10.14593 


10 14506 


4849.971024 9.85460 10.14540 
650 9:91014 9: 85487, 10.14513 
6509 9.91005 g. 37820 10. 14486 


10. 14460 


9.90960 9.85647 
9.9095 109 85674 10. 14326 
22991929 85700 I0.14.300 


5 9.90915 9.85780 
9. 90906 9 8580 


10. 10.144⁰ 
10. 14380 


10.4353 


10. 14273 


10. 14246, 
10. 14220 
10.14193 
10. 14166 
10. 14140 
10. 14113 
10. 14087 
10. 14060 
1014033 
1014007 
10. 13980 
10.13954 
10. 13927 
10. 13901 


Tang. 


10.14433 


[0.13574 


| Secant. 


10.08931 
I0.08940 


10.08949 


10.08959 
10.08968 


10.08977 
10. 08986 


10. 08995 
10.9004 
10. 09013 


10. 23605 


10.23587 


10. 23569 
10.2355 2 
10.237534 
10. 23516 


10 23499 


10. 23481 
1023463 


10. 23446 


10. 09022 

1009031 
10.09040 
10.09049 
10. 09058 
10. 10.0907 
10 09076 
10.0908 5 
10. 09995 
10. 9 104 


10. 23428 
10. 23410 


10. 23393 
10.23375 


1.23358 
10. 23340 


10. 23323 


10. 23305 
10.232881 


10. 23270 


10.09112 
10.09122 
0.09131 
10.091140 
10.09 149 
10.09 158 
10.09 168 


10.091177 
o. 9186 


10.9195 


10.09204| 


10.23253 


10.23235 


10.23218 
10.23200 


10.23183 
10,23105 


10.23148 


10. 23130 
10.231113 
10. 23096 
10. 23078 


Secant. | 


54 Degrees. 


lin. [o e = 0 I= EAS ps 3 


A 


K K 2 


888 | ur 


— 


. 
wi 
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ö 


A Table of Artificial Sines, 


| 


36 Digreer, 


. * 
2 — 


— * 


Sine. 


9.76922 
9.76939 
9.76957 
9.76974 
922999 


— LEE 
See own 8 80 N 


pd - . 
— 


— — 
288 


9.77009 
9.77020 
9-77043 
9.77061 
9.77078 
9.77095 
977113 
9.77130 
9.77147 


14]9 77104 


9.77182 
9-77199 
9.77216 
9:77233 


19Þ-77259[9-9c 


9.77268 
9.77285 
9.77 302 
9.77319 


2419 77330 


9.77353 
9.77370 
9 77388 
9.77405 
9.77422 


9.77439 


9.90787 
9.90777 
9.90768 
9.90759 
9.90750 
9 90741 
9.90731 
9.90722 
9.90713 
9. a om 
9.900 95 
9.9068 5 
9.90676 
9:90007 
9.90657 
9 90648 
9.90639 
9. 906 30 
9. 90020 


9.90602 
9.90593 
9.90583 


9.90555 
9.90546 
9.90537 
9.90527 


| Tang. 


9.90796 


9.9061 119 


9-9057419- 
9.905659. 


9.85126 


9.86153 


9.86179 
9.86206 


9.86232 


| 


10.13874 
10. 13847 
10.138210 


10 13704 
10 13708 


9.86259 
9.86285 


9.86312 


9.86339 


9.80305 
9.80392 
9.804.18 
9.80445 
9.86471 
9.86498 
9 86524 
9.865 51 
986577 
9.86604 
L 


10.13741 
10.13715 
10.13088 
10.1 3662 
10.13635 
10.1 3609 
10.13582| 
10.135 56 
10. 135 29 
1.13502 
10. 10.713476 
10. 13450 
10 13423 
1 
10. 13370 
19.13344 
10 13317 
IO 13291 
I0.13264 
10.13238 
10.13211 
10.13185 


10 13132 
10. 13106 
10.13079 


| Tang. 


10.13158 


Secant. 


— ——— 


10.09 204 


10. 9213 


10. 09223 
10 09232 
10. 09241 


— ꝛ— —————— 


10.9250 
10. 09259 
10.9269 
10.009278 
10. 10. 09287 
10. 10.09296 


10. 09 306 


10.093 15 

10.09324 
10.09333 
1009343 
10.09352 
10.09301 
10 09370 
10.09380 


10.23078 
t0.23001 
10 2304.3 


10. 23020 


10. 23009 
10. 22991 
10 22974 


10.229577 


10. 22939 


10 22922 


10. 22905 
10.22888 
10 22870 
10.22852 

10.22836 
10.22819 
10.22801 
10.22784 
10.22767 
10.227250 


10.9389 


10 09398 
10.09408 


10 09417 


10 09426 


10.22733 
10.22715 


10. 22698 


1022681 
10 22664 


10. 09436 
1 


10.996541 
10. 09463 


0. 9473 


10.009482 


1 


| Secant. 


10 22647 


10. 22630 
10.22613 
10. 22595 
10. 22578 

10.22561 


53 Degrees. 


— 


1 497 ] 


Tangents, and Secants. 


36 Degrees. 


9.77439 9.9051 

9.77456 9. 905099. 86947 
9 77473 9.99499 
9.77490 9. 90490 
4222907 9 90450 
9 77524 9.90471 
9.77541 9.90462; 
9:77558 9.90452 
9:77575 9 99443 


Tang. | 


"—_ 


— — 


9.8071 10 73579 
10. 13053 
9.80974] 10. 13026 
9.87000 10.1 300⁰0 
9. 9.87027 10.12974 
9. 9.87053 10.12947 
9 $7079] 10.1292 
9.87100 10.12894. 
9. 3125 10. 12868 
3919:77592 9. 00433198 715910 12842 
9 77609 9 90424\9.87 185) 1012815 
9.77626 9.9041 59.872111. 12789 
9 77643 9.90405 9. 12 10. 12762 
9.77600 9.90396 9.87264. 
4419-7 9 27672 2 90380, 9. 9.87290, 10. 10.12710 
| 9-77694 9-90377 9 87317, 10:12693 
9.77711 9.90368 9.87343) 10. 12657 
9 22 9.90358, 9.87309 10.125631 


10. 12736 


9.99349 9 $7399 10. 12604 


90 99339 9-074 87422 


IO.1 10.12575 


Secant. | 


10.09482 


10.09491 
10.09501 


10.095100 


10.09 20 


10.095 29 
10.095 36 
10.09546 


10.09557! 
10.09 507 


10 09576 
IO. 09585 
10.09595 
10.09004. 
10.0901 4 
10.09523 
10 09632 
10,0994.2 
[0.09051 
10.09961 


9. 90330 9. 1.87448 10.12552 


9.90320, 
9.90311 
9.90301 


9.99254 
9.90244 
9 779491999235 
Sine, 


9.874750 10.12525 
9.87501010. 12499 
9.87527 10. 12473 
9.57554 10.12440 


9.875800 10. 12420 
9. 87606 [0.12394 
9.87033110.12307 
9.87059! 10.12341 
g.87085|10.12315 
9.87711 


10. 12289 
Tang. 


10. 09670 
10.09050 
10. 09689 
10. 09699 
10. 99700 
10.09718 
10.007270 
18.897 
10.097406 
10.097556 
1009765 


3 


rk 
10.22544|: 


10.22527 | 


0.22510 
10.2249 


10.22470%½5 
10 22459024 


10.224427 


19.224280 
1022408. 


10.2239 
18.4374 
[0.22357 
10.22340 


10. 22323 


0.223001: 


10 22289 
10. 22272 
10.22250 


10.22239/11 


[0.22222] 
10.22205 
10.22188 
10. 22171 
10.221 54 


1022138 
1022121 
10. 22104 
10. 22087 
10. 22070 
10. 22054 


Secant. 


1 53 Degree. 


K k 3 


lo = SE ESE SO. 


OT OI 22 N 
* 


— 


Min. 
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A Table of Artificial Sines, 


37 Degrees. 


410 


4 


— — ——ů— 


9.90187 
9.90178 
9.90168 
9.90159 


289970928149 


9.90139 


9.90111 
9.90101 
9.90091 


9.90063 


5519-90053 


9.90043 


3919-79445 


9-90235 
6409. 90225 
9.90210 
9.90206 


2 


9-901 3019. 
9.90120 


9.90082 
9.90072 


9.900340. 
9. 9002409. 
9. 9001400. 
60 90005 
9.899950. 

9.89985 
9.899769 
9.899669. 
9.89956 
2-89947 


9.87711 
9.87738 
9.87764 
9.87790 
9.87817 
9.37843 
9.87809 
9.87895 
9.87922 
9.87948 


Sine. 


Tang. |- 


0.12289 
10. 12262 
10. 12236 
IO 12210 
1012184 


——ů—ů—ů — — 


10.12157 


10 12131 
10. 12105 


10. 12078 
10. 12052 


—— — 


10. 12026 
Ho. 12000 


10.11974 
3 1.11947 


10.1192 


| — — 


5110.11895 
10. 11869 
10. 11842 
10. 11816 
10. 11790 


FE. 


10.008 51 


| Secant. | 


10.09765; 
10.09775 
10.09794. 
10.09794. 
10.09803 
10.09813 
10.09822 
10.09832 
10.09842 


10.22037 
1022020 
10. 22003 
10. 21987 
10.211970 
10 21953 
10.211937 
10. 21920 
10 21903 


10.0986 


10.11764 
10.11738 


IO.I1I7I1 
10.1168 5 


10.11659 
10.11633 


10. 11607 


10. 11580 
10.11554 
10. 11528 
10. 11502 


Fang 


— 


10. 09870 
10. 09880 
| 10. 09889 
10.09599 
10 09909 
10.0991 8 
10. 09928 
10. 09937 
10. 09947 


10.9987 
10. 09966 


10.09970 
10. 09986 
10.09995 
10. 10005 
10. 10015 
10. 10024 
10.10034 
10 10044 
10. 10053 


10. 21887 
10. 21870 
10 21853 
10. 21837 
10. 21810 


— — 


10. 21803 
10.21787 
10. 21770 
10.21754 
1021737 
10. 21720 
10. 21704 
10.21687 
10.21671 
10.21654 
10.216038 
10.21621 
10. 21605 


| 


10.22054 


I0.21588, 37 
10.21572 31 
10. 21555 30 
Secant. 


52 Degrees. 


$0 00s. ; l * 


[ 499 1 


TEE 


Tangents, and Secants. 


37 Degrees. 


Sine. Tang. N Secant. | 


z30[9.78445]9-5994719-58498|10.11502|10.10053|10.21555|30 

31]9.7840119-8993719.83524|10.11476] 10.10063|10.21539[29] 
32] 9.7847819-8992719.88550|10.11450| 10.10073[10.21522[28 
5.89918 9.88 57710. 1142410. 1008 2010.215060 z7 


349.785 110%. 899089 8860310. 11397 10. 10002010. 2 4900264 


3519 785279.898 989.8862910 11372 10. 10102 10. 2147302 5 
36] 9-7954319-8958319 8865510. 1134510 1011210 214574 
3719 785609. 898799.8868 110.1131910. 1012110.21440023 
389.785 769.89 8699.887010. 11293010 10131010 21424022 
3919-78393[9-3985919-88733 10.11267]10.10141]10.21408|21 


40] 9.786009] 9.89849]9.88759}10.11241]10.10151110.21391]2of 
{ 41] 9.78025]9.89840[9.88786[10.11215]10.10160|10.21375|19] 
4219 7864:19.8983019 888120 10.111880 10. 10170010. 2135818 
43] 9.78038 9-389820[9.88838[10.-111062'10.10180[10.21342|[17] 
44'9.78674]9.898101]9.88864]10 1113610. 1019010. 2132616 


459.7859 19.8980 19 8889010. 11110 10. 1019910. 21309015 
46|9.7870719-89791]9 88916110 11084 10. 10209110. 21293/0144 
4797872300 8978109.88 9421011058 10. 1021910.21 277/13 
4809.787409. 8977 109.8896810. 110221 10. 1022910. 21261012 
1499. 787 569.8976109.88994 1211005 10. 1023910. 21244011 


5009 787729.8 97529. 89020 10. 10980 10. 10248010. 21228 
1519.787889 8974209. 8904710. 1095410. 10258010. 21212 

52 9.788059. 8973249 8907310 10928010. 10258010. 21196 
53 9.7882109.89722 9.890990. 10901 10. 10278010. 21179 
15419 788379.897129.89125 10. 10875 10. 1028810. 21163 


— —— — — — 


559.788 5309.897030) 8915 10. 10849 10. 1029801021147 
569 78869 9.8969 309.8917710. 108230 10. 103071021131 
579 788869.8968 309.8920310. 10797 10. 1031710 21114 
5809. 7890209.8967 309.8922910. 1077 1010. 1032710. 21098 
509.7891898 9663 9.8925 510. 10745 10. 1033710. 21082 
609.789 349.8965 309.8928 1010.107190 10.,10347J10. 21066 


| Sine. | Tang. | | Secant. 


| o = D v3. wn | ON — © 


Min. 


52 Degrees. 


6 — — — 


K k 4 


[ 500] 


. ; 
ee 6. kh ith. a. i attend Eo to dw. 


A Table of Artificial "Haw, 


— 


38 Degrees. 


lo 0 aun FA Q_ N — = ut | 


10 


9.79015 
9.79031 
9.79047 
9.79063 


22829 


9.89653 
9.39043 
9.59034 
9.89624 


9.8961 4. 


9. <4 
9. 29594 
9. 255 4 
9.89574 


9.89504 


9.89554 
9.89544 
9.89534 
9.89524 


091 9:29514 


9.89504 
9.39494 
9.89485 
9.89475 
9.89465 


979394 
9.79320 


9.89455 
9.89445 
9.89435 
9.89425 
9.89415 


9.79335 
9.79351 
9.79307 
9.79393 
9.79399 


39 9:79315 


9.89405 
9.89395 
9.89385 
9.89374 
9. $9304 
9-39354 


| Sine. [- 


9.89281 
9.89307 
9.89333 
9.89359 


929005 


9.89411 
9.89437 
9.89463 
9.89489 
9.89515 
9. 9.89541 
9.89507 
9.86593 
9.89619 


5 — 


. 85 


—— — — 


10. 10719 
10. 10693 
10. 10667 
10. 10641 


10. 10615 


10. 105 89 
10. 10563 
10.109537 
10. 10511 
10. 10485 


10. 10459 
10. 10433 
10. 10407 
10. 10381 
10.10355 


9.89071 


9.89697 
9.89723 
9.89749 


9-39775] 


9 89801 
9.89827 
9.89853 
9.89879 


9.89905 


9. 90035 
9.89957 
9.89983 
9.90009 
9.90035 
290061 


1 5 


10. 10329 
10. 10303 
10. 10277 
10. 10250 
10. 10225 


10. 10199 
10. 10173 
1010147 
10.10121 
10.10095 
10.10069 
10. 10043 
10. 10017 


10.09991 


10.09965 


10.09940 


Secant. 


— 2 — 


10.10347 


10. 10357 
10. 10366 


10. 10376 


10. 10386 


9 — 


10. 21066 
io. 2 1050 
10.21034 


10. 21017 
10. 21001 


10. 10396 
10. 10406 
10. 10416 
10. 10426 


10. 10436 


10. 2098 5 


10. 20969 


10. 20953 


10. 20937 


10. 20921 


10. 10446 


10. 10456 


10. 10466 
10. 10476 
10. 10.104806 


10. 10.1040 
10. 10506 
10. 10515 
10. 10525 


10.10535 


10. 10545 
10.1055 5 


10.105635 
10. 10575 


10. 10585 
10. 10595 


10. 10605 
10. 10615 
10. 10626 
10. 10636 
10. 10646 


Tang. ng. | | 


10. 20905 
10. 20889 
10. 20873 
10. 20856 
10. 20840 


10. 20824 
10. 20808 
10. 20792 


10. 20770 


10. 20760 


— —— , 


10.20744 
10. 20728 


10. 20712 
10. 20696 
10 20680 


10.20665 
10. 20649 


10. 20633 
10. 20617 
10. 20601 
10. 20585 


Secant. 


51 Dari 


— 


L 50r 1 


=| 


EY 


; 
F 
J 


Tangents, and Secants. 


66 


38 Degrees. 


9.79403 


Sine. 


8 
999 
9.79447 


9 79478 
9.79494 
9.79510 
9.79529 
9.79542 
92988 


9.29354 
9.89344 
9.89534 
9.89324 
223¹4 
9.599304 
989294 
9 89284 
9.89274 
9 2 39204 


9 79573 
9 795%9; 
9 79605 
9. 79621 | 
9 79636 
9.79052 
9.79068 
9.79084 
9.79699 
9.79715 


979731 
9.79746 
9 79762 
979778 
9.29704 
9.79809 
9.79825 
9 79840 
9-79850 
9.79872 
22.— 


| 


9 89132 


9.89254 
1999244 
'9. 89233 
9. . 
. 
9.89203 
9.89193 
9.89183 
g. 39173 
g. 9.89102 
9.89152 
9.09142 


9.39122 
9.5911. 


Tang. 
9.90061 
9 90080 
990112 


9 90138 


9 99104 
9 90190 
9.90216 
9.90242 
9.90268 


9.90320 
9-99340 
9.9037 


9 90397 


9.90423 


9.90449 


9.90475 


9 90501 
9.90527 
220853 
9 9957 

9 90004. 


9.90630 


| 


9.90056 


9 9 90082 
9.90708 
9.90734 


9.90759 


9.90785 
9.90811 


eee 


1 N 


10.0994 
10.09914 
0.09888 
10.098662 
0. 9836 
10. 10. 09810 
10.09784 
1009758 
10.09732 


1 0.09680 
10.0965 4 


10. 09603 
ee 


10 0955 1 


[0.09525 
10 09499 
10.0947 3 
19 09447 
10.094.22 
[0.09396 
10.09370| 


$0.09344 
10.09318 


10.09292 
10.09266 
[0.09241 
10.09215 
10 09189 
[0.09163 


Tang. 


9.90294 110. 09706; 


10.09620 


| Secant, 


10.10716 


10.10777 
10 10787 


10. 10646 
10. 10656 
10. 10666 
10. 10676 
10. 10686 


— — 


10.10090 
10. 10706 


10. 10726 


10. 10757 
10 10767 


10. 10797 
10 10807 


10. 10817 
10. 108 27 
tO. 10.10838 


10. 10.10848 
[0.10858 
l0.10808 
10.10878 
10 1010889 


0. 10899 
10.1 O9 
10. 109 1 9 
10 10929 
10. 10940 
10. 10950 


——— . 


| 


10.20585 
10. 20569 
10.20553 
10.20537 
10.20522 


10. 2050 
10. 20490 


10. 20458 
10. 20444 
10. 20427 
10. 20411 
10. 20395 
10. 20379 
10. 20364 
10. 20348 


10. 20316 
10. 20301 
10. 20285 


10. 20209 
10. 20254 
10. 20238 
10. 20222 
19. 20206 


——— — 


10. 20191 
10.20175 
1020160 
10 20144 
10. 20128 
10. 20113 


Secant. 


51 Degrees. 


* — 


10 20474 


10.203321 


10 


Min. | 0: n wy ana . 


[ 502 ] 


A Table of Artificial Sines, | 


39 Degrees... 


SDS # 


b ff 


— — 
+ © ND 


— 
— 


Sine. 


9.79887 
9.79903 
9.79918 
9.79934 
22228 
9.79965 
9.79981 
9.79996 


9 80012 
9.80027 


9.89050 
9.89040 
9.89030 
9.89020 
9.59009 
9.88999 
9.88989 
9.58979 
9.88908 
9.88958 
9.88948 
9.88937 
9.88927 
9.88917 
9.88906 


9.88886 | 
9.88876i19.91276 


9.90837 
9.90803 
9.90889 
9299917 


9.90900 
9.90992 
9.91018 
9.91044 
991009 


67 1 
| Tang. 


9.90940] 


10.09163 
10.091 37 
[0.09IL1 
10. 09086 
10.09060 


Secant. | 


10.710950 
10. 10960 


10. 10970 


10. 10981 
10. 10991 


10. 09034 
10.09008 
10.08982 


10.089577 
10.08931 


99> O95 
9.91121 
99 
9.61172 
9.91198 
9.91224 
9.91250 


9-8880519.91 3O1 
9 88855[9-91327 


9.88844:9.91353 


9-88834|9-91379 


9.88824'9.91404 
9.8881319.91430 


9.91456 
9.91482 


219.91508 


9.91533 
19-91559 
9.91585 


10.08905 
10.08879 
10.088 53 
10.008828 
10 08802 


1008776 


10.087 50 


10.08724 
10. 08699 
10.08073 


10.08047 
10.086021 


10.08590 


10.08570 


10 08544] 


10.08518 
10.08493 
10.08467 
10.0344 1 
10.08415 


10. 8390 


5 Tang. 


10. 11001 
10.1101 
10.11022 
10. 11032 
10. 11042 


10. 11052 
10. 11063 
10. 11073 


10. 11083 


10. 11094 


—ä —— — — 


10. 20097 
10. 20082 
10. 20066 
10 20051 


— i —— — 


10. 20035 
10. 20019 
10. 20004 
10. 19988 


10.19973 


lO.1909597 


10.19942 
10.19926 


10. 19911 


1.19895 6 


1011104 
10.111144 
10.11125 
10.11135 


1011145 


10. 19880 
10. 19864 
10. 16849 


10.19834 
10. 19818 


| 


10.11150 
10.11166 
10.11176 
10.11187 
10. 11197 


— — 


10. 11207 
10.111218 
10.11228 
10. 11239 
10. 11249 
10. 11259 


10. 19803 


10. 19787 


10. 19772 
10. 19756 
1.19741 
10. 19726 
10. 19710 


10. 19695 
10. 19680 


10. 19664031 


10. 19649 


| Secant. 


75 


— | M—_—_ 


10.2011 3/60 ; 


[ 503 ] 


— 


Tangents, and Secants. 


39 Degrees. 


Secant. | 


Sine. Tang. 


— —— 


zol. 8035 19.887410 9.9 1610 10.08 39010. 112590 10. 1964930 
31 9.803669.887 30 9 91636] 10.083640. 11270 10. 19634029 
| 22] 9.88720]9 91662110.08338j10.1128010.19618| 28 
_ [33j9.80397j9-88709]9 916880 10.08312[10.11291[10.19603|27|. 
| 2419 80412 9.886999 91713] 10.08287[10.11301]10.19588|20 
| 35 9.80428 9.88689 9.91739 10.08 261010. 113 12010. 19572255 
1369.804430 88678 9.91705 10 0823510. 11322010. 19557244 
3719 8045809 88658|9.91791] 16.03209[10.11332|[10.19542|23 
389.8047 309.8865 79.918160 10.08 184410 11343/10. 1952722 
399. 804899 3854719.91842þ10 08158010 I1353010.19511|21] 
409. 805049. 886 36.9.9 18680 10.08 132010. 11364 10. 19496120 
1419 805 199.8862609. 91893 10.08 10710. 1137410. 19481019 
14219 80534 9.88615]9.91919! 10.0808 1010 11385 10.19466] 18 
43.0. 805 5090.886059 91945110.05055110.113951 10.1945 1] 17] 
[ 4419. 8056519.88594[9.91971]10 058029110 I1406[10.19435|16 
45] 9.80550 9.8858419.91996|10.08004 10.11416[10.19420 74 8 
409.80 5959.885739. 92022 10. 07978010, 1142710. 1940514 
I4 719.8061049. 885639 9204510 0795210. 1143710. 19390013 
489.806 259.885 529.9207310. 07927 10. 11448010. 19375124 
49.8064 109.88 5429.920991 07901110.11458110.19359|11] 
509 8065 69.8853 190 9212510. 0787510. 11469 10. 1934410 
519.8067 109.885 209 9215010. 0785010. 1147910. 19329 
5209 806869 885 109.9217610. 0782410. 11490110. 19314 
5319 8070 19.884999. 9220210. 0779810. 115010. 19299 
| 54/9.8071619.88489]9 92227[10.0777310-11511119.16234 


— — 


———ů—— —'̈ — — 


55 9.80731 9. 8847809.9225 310.0774710. 11522010. 19269 
56 9.807469. 884689.9227910.077210(10.11532010. 19254 
57 9 8076209. 8845 79.923040. 0769610. 1154310. 19239 
58 9.807779. 884479. 9233001007670 10. 11553010 19223 
59 9.807929. 884369. 9235610 07644010. 1156410. 19208 
60 9.808079. 88425 9.9238 110.0761910. 11575 10. 19193 


* 


5 Sine. Tang. 


Mm 


| Min. [o -S AOS 


Fo Degrees. 


i 5 


[ 504 ] 


A Table of Artificial Sines, 


Ls — 


u 


— a ; 
8 cw Own |. So o| 


[1 


= 


D —— 


— 


980807 
9.80822 


Sine. | | 


9 88 


9.88425 
9. * 
9. 88404 
9.88394'9.92458 
9.88383 9.92454 
9. 0.88372 9.92510 
g. $8302 9 92535 
9 88351,9.92501 
9 88340 9 92587 
33999 92012 


9.83245 


9.88234 
9.8822319.92808 


Tang. 


| 
9.92381 
9.92407 
9.92433 


9.88319 9. 9.92038 
9.88 308 9.92663 
9.88298 9.92689 
9.88287 9.92715 
9.88276 9.92740 
9.88 206 9.92706 
988255992792 


| f 


15.7579 
18.978593 
10.075067 
10.07542 
10 07516 
10.07490 
10.07405 
0.07439 
10 07414 

10.7388 


10.07 302 
10 07337 
10.073111 
1007285 
10.072660 


Secant. 


10. 11575 
10.11585 
10. 11596 
10. 11606 
10. 11617 
10. 11628 
10.11638 
10. 11649 
10. 11660 
to 11670 


10. 11081 
10 11692 
10.11702 
10.11713 
10.11724 


——— or nn 


10.19193 
10.19178 


10.19103]c 


10.19148 


10. 19133 


10.19118 
10.19103 
10.19088 
10.19073 
1019058 
10. 19043 
1019028 


10. 19013 


10.18998 
1018983 


10.07234 
10.07209 


9-92817110. 07183 


992843 


1007157 
10 07132 


9.81254 


9.88212. 


9.88201 


5 9.88191 


9.88180 
9.88169 


9.88158 


5519.93022 
9.93048 
9 93073 
9-93999 
9.93124 
— 23158 


9.88148 


9.88137 


9.88126 
0 9.88115 


9. 5 
Sine. 


9.92894 
9.92920 
9.92945 
9 92971 
9.92996 


10.07 106 
10.07080 
9.97055 
10.007029 
10.0 7004 


1006978 
10.0695 2 
10.006927 
10.0690 
10.00876 
10.06850 


10.11734 
10.11745 
10. 11756 


10.117665 


10.11777 


© Tang. 


10. 11788 
10. 11799 
10. 11809 
1011820 
10. 11831 


— — 


10.11842 
10.1182 
1011863 
1011874 
10.1188 5 
1.11895 


10. 0.18968 
10.1895 2 
I0.1893C 
10 18924 


10. 18894 
10. 18870 


10. 18864 , 


10. 18840 


10. 10.18834; 


10 10 18820 


10.188053 


10 18790 
10. 18775 


10. 18760ʃ31 
10 18746 


| Secant. 


* 


_— 


49 Degres | 


505 


Tangents, and Secants. 


Tang. 


9.93150 
9.93126 
9.93201 
9.93227 
2 
9.93278 
10 9.93303 
9.93329 
9.93355 


„ . 


— —— 


40 Degrees, 


10.06850 
10.00825 


10.00799 
10.06773 
10.006748 
10.060722 
10. 06697 
o. 06671 
10. 06646 


10.066 20 


eee 2:933%0 

9.93400 
019.93431 
9.87975 9-93457 
9.37904 19-93452 
9314011937953 9-93508 
9 8147519-37942 (9-93533 
9.814900. 8793 19.9359 
9.81505 [9.87920 9.93584 
9.8151919.8790919.93010 
9.815349-8789819-93030 
9.8788819.93661 
9.8787719.93687 
9.8786619.93712 
9.8785519-93738 
9-878449:93703 
9.93789 
9.93814 
9.93840 
9.93865 
9.93891 


10.065 94 
10. 06569 
10.065 43 
10.065 18 
10. 06492 
10. 06467 
10. 06441 
10. 06416 
10.063 90 


10. 06365 


10.063 39 
10.06313 
10.056288 
10.06262 
10.06237 


Secant. 


10.11895 
10. 11906 
10.119117 
10. 11928 


lO, 11939 


10.11950 
10.11960 
i0.I1971 
10.11982 


10.11993 


10. 12004 
10. 12014 
10. 12025 
10. 12036 
10. 12047 


— —vL————ů—ů— 


10. 120 58 
10. 1 2069 


10. 12080 


10. 12091 


—— — —— 


10.12112 
10.12123 
1012134 
10. 12145 
10. 12156 


10.00211 
10.051 86 
10,00160 
10.001 35 


$19 93910 


Tang. 


10.6109 
10 06084 


— —— — 


10.12167 
10.12178 
10. 12189 
10. 12200 
10.122111 
10.12222 


10.18731 
10.18716 
10.18701 


10.18686]: 


10.18672 


[0.13657] 


10.18642 
10. 18628 
10.18613 
10.18598 
10.18583 
10. 18569 


10. 18539 
10.18525 
10.185 10 
10.1849 5 
10. 18481 
10. 18466 


10.184517 
10.18437 
10. 18422 
10. 18408 
10.18393 
10. 18379 
10.18364 
10 18349 
10.183355 
10. 18320 
10. 18306 


: 49 Degrees. 


W*— — 


10.185 54 / 


Secant. | 


—| 


10.1 8740 


10 


: 10 * S vn | Ov 00 


Min. 


[ 


500 ] 


"A Table of Artificial Sines, 


41 


Degrees. 


81 2 ownlawy ol WN | 


11 


319-9775 


——— 


9.87778 
9.87707 


9. 97745 
987734 


9. 9.87723 
9.87712 
9 46 1 


of $94.04 


9.387079 
9.87068 
9. 37057 
9.87045, 

9.57025 


0.87624 


Tang. 


9.93916 
9.93942 


0/9-93907 


9:9 3993 
7349-24018 


9.94044 


9 94009 


9.94095 
9 94120 
9 94146 
9.9471 
9.94197 
9.94222 
9.9448 
9.94273 


10.06084 


10.06058 
10.06033 
10.06007 


IO 05982; 1 


10.05950 


10.05931 
10.05905 
10.05880 
19.0554 
10.05829 
10 05803 
10.05778 
[0.05752 


10.05727 


9.87613 
9.87601 
9.87590 


9.87579 
9.87568 


9.94299 
9.94324 
994350 
994375 
9.94401 


9.97557 
9.87540 
9.37535 
987524 
9 87513 


9.87501 


9.87490 
9.87479 


9.87408; 
19-87457 


937449 


| Sine. 


9.94426 
9.94452 
9:94477 
9 94.503 
9.94528 
9.94554 
9.94579 
9.94005 
9 94030 
9-94055 
9.94681 


10.05701 
10.05676 
10.05050 
10.05025 
Salad > 5 
AGILE 
IO 05548 
1005523 
10.05 497 
10.0472 


1005447 
10.056421 


10.05 396 


10.05 370 


10.065345 


10.05319 
| Tang. 


| Secant, 


10.12233 
10.12244 
10.1225 
0.12266 


— — 


10. 12277 
10. 12288 
10. 12299 
10. 12310 
10 12321 


10. 12332 


10.12343 


10. 12354 


10. 12365 
10. 12376 
10. 12388 
10. +1. 23909 
10. 12410 
10.1242 
10.12432 


10.122222 


10. 12443 


10. 12454 
10. 12465 


10. 12476 
[0.12497 
10.12499 
10. 125 10 
1012521 
10.125 32 


10. 12543 


10. 12554 
| | Secant. 


10.18306 


10.15292 
10.18277] 


10.18202 
10.18248 
10. 18233 
10.18219 


10. 18204 


10. 18190 


10.18175 


10. 18161 
10.181460 


10.181324 
10.181181 


1018103 


—— — 


10. 18089 


10. 18074 
10. 18060 
1018046 
10. 18031 


1 0.18017 


10. 18002 
10.17988 
[0.17974 
10. $0.1705030 


19 77945 
10.17931134| 


10.17916 
10.17902 
10 17888 


IO 17873 


48 Degrees. 


[ 507 ] 


Tangents, and Secants. 


41 Degrees. 


Sine. 


9.821 27 


119.82141 


9.82155 
9 82169 
9 82184 


9.82198 


9.82212 
9 82226 
9.82240 
9.92255 
9.82209 
9.82283 
9.32297 
9 32311 
9.82326 
9.82340 
9.82354 


9.82382 


9.82390 
9.824109. 


9 82425 


9.824399. 


9.82453 


9.82481 
9.82495 
9.82509 


9.825239. 
9.855370 ä 


22. 


, 


9.823689. 


9.87446 
9.87434 
9.87425 
9.97412 

9.87401 


Tang. | 


9.94681} 
9-947 
9-947 32, 
9.94757 
9.94783 


10. 05310] 
19,05 294 
10.05 268 


10.05 243 
10.05217 


9.87390 
9.87378 
9.87307 
9.87356 
9.87345 


9.6 
9.87411 


9.87300 


9.97399 


9.57277 
9.87206 


9. 9.87334 


7322 


1 


64995317 


Wee 


9.94808 
9.945 34 
9.94859 
9.94884 


9.949101 


10.05192 
10.05 166 
10.05 141 
10.05 116 
0.05090 


9.94935 
9.94961 
9.94986 
9.9501 2 
9.95037 


10.05005 
10.5039 


10. 05014 


10.04988 
10.04903 


5 Secant. 


ꝓꝓ ꝓ — — 


rng 
10.12 566 


10.12577 
10. 125888 


10.125900 


1017874 
10. 17859 
10. 17845 
10.17831 
10.17817 


10. 12610 
10. 12622 
10. 12633 
10. 12644 
10.1265 5 


10. 12667 


10. 12678 


10. 12690 
10. 12700 


10. 12712 


10. 17802 
10.17788 


1017774 


10. 17760 


10.177245 
10.17731 


10.17717 
10. 17703 


10. 176890 
10. 17674 


9.95003 
9.95088 
19'93*33 


995104 
9.95190 
9.95215 
9-9524% 
9.95 266 
9-95291 


9.95342 
9.95368 
9.953923 
9.95418 


10.04938 
10,04012 


10.048 87 


10.0486 1 


10. 04836 


10.048 10 


10.0478 5 
10.04760 


19.04734 
10.04709 


10.0468 3 
10.04658 
10.0403 2 


10.04607 


10.045 82 
10 04550 
Tang. 


— 


10.12723 
10.12734 
10.127455 


10. 12757 
10. 12768 


10. 12779 
1012791 


10.128002 


10. 12813 
10.12825 


10.1766 
10. 17646 
10.17632 


10. 17618 
10.176041 


10. 17590 


10. 17576 


10. 17561 
19.7547 


10.175330 


10. 10. 12836 
10. 12847 
10. 12859 
10. 12870 


10. 12881 
10. 12893 


10.175 19 
10. 17505 


10 17491 


10.17477 
10.174623 


10.1744 


Secant. 


43 io th 


0 | 


———— — 


| © — Ns us N FONT 00 O 


Vine 


| 508 ] 


| e of Artificial Sines, 


42 Degrees. 


Segels oel uE | 


on Sage a 
Ooun | Www Þ» 


LE 


1 
8 = O|O ow 


88 1 
> - On j-> I 


9.80809 


9.80798 
9.86786 
9.80775 
9.86763 

Sine. | 


2 | 
| Tang. | 


9.87107 9 95444 


9.95469 
9.95.95 
9.95520 
9:95545 


* 


10.045566 
10 04531 
10.0450 5 
10. 04480 
18.9485 


9.95571 
9.95596 
9.95622 


9.95647 


22522 
9.95698 


9.95723 


9.95749 
9.95774 


222222 
9.95825 
9.95850 
9.95875 
9.95901 
9:95926 


9-9595- 


7 19-95977 
9 99002 


9.95028 


9.90053 


10.04429 
10.04404. 
10.04379 


10.0435.3 
10.04.328 


10.04 302 
10.04.277. 
10.04252 
1004226 
10 04201 


— — 


[0.04175 
10.04150 
10.04125 
10.04099 
10.04074. 
10.04048 
10.04023 
10.03998 
10.03972 
10 03947 


9.96078 
9.90104 
9.96129 
9.96155 
9.96180 


9.96205 


[0.03922 
10.03896 
10.03971 
10.0384 
10.03820 
1003795 


Fang, 


CE 


| Secant. 


10.12893 
10.12904 
10. 12915 
10. 12927 
10. 12938 
10. 12950 
10. 12901 
10. 12972 
10. 12984 
10. 12995 
10. 13007 
10. 13018 
10. 13030 
10. 13041 
10.1303 
10.13064 
10. 13075 
10. 13087 


10. i 3099 
10. 13110 


10.13121 


10.13133 
I0.13144 
10. 13156 
10. 13168 
10.13179 
10. 13191 
10. 13202 
10.132114 
10.1322 5 


10. 13237 
Fo” 


77 
10.17435 
10.17421 


10 17407 


1017393 
10. 17379 
10.173695 
1017351 


10.17337 


10.17323 
10.17309 
10.17295 
[0.17281 
10. 17267 
10. 17253 
10.17239 
10. 17226 
10. 17212 
10. 17198 
10.17184 
10. 17170 
10. 17156 
10.17142 
10.17128 
10.171144 


| 


10.17087]; 


10.17075 
10.17059 
l0.17046 
0.17032 


Secant. | 


1 


— K — 


8 


47 Degrees. 


—— 


* — 


„ 


[ 
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Tangents, and Secants. 


5 42 Degrees. : 


Wal 
© 


9.82968 
9 82982 
9.82990 
9-83010 
9.83023 
9.83037 
9.83051 
9.83005 
9.83078 
9.83092 
9.83106 
9.83120 
9 $3133 
9.83147 
9.83161 


Sine, 


9.83174 
9.83188 
9.83202 
9.83215 
9.832209 
9.83243 
9.83250 
9.98270 
9.83283 
C3591 
9.833119. 
9.83324 
9.83338 
9.83371 
9.83365 
— 


| | Tang. 


9.90231 
9.96256 


8:9.90281 


9.90307 


9. .55755,9.95 95332 


9.86694 


9 99357, 


| . 


———ñ — — 


9.95205 1853705 


10 03769 


10.03719 
71190: 03693 
10. 03608 
10.03043 


| 


9. 86682 9. 9638311 10.03617 


9. 86670 


9. 9.85559. 9. 9-96434 


9.86635; 9.96484 
24.9. 10 10. 03490 


9.866 
9.86612 


9.860 86600 9. 96500 


— —— 
' 


9.80589 


9.96408, 


9. 9.96459 


9.99535 


9. 96586 


140, 03 592 
10 10 03500 


10.3744 


3 
Secant. 
10. 13237 
10. 13248 
10. 13260 
10. 13272 
10.13283 
10. 13295 
10. 13306 
10.13318 
10. 13330 
10.13341 


I0.17032 
10.17018 
10. 17004 
10 16990 
10.16977 
10. 16963 


10 16949 


10. 16935 
10. 16922 


10. 16908 


10. 03541 


10.03465 


10.03414 


9.86577, 9.96011 10.03389 


9.86565 9 96636 
9 99662 
54. 9.06687 


9.99712 


9.95738 


9. 96763 
9.90788: 


10.03 304. 
10. 03338 
10.03313 


10 03516, 


1.03440 


10.03288 
10.032062 


10.03237 
10.03212 


19. 96814 10.03186 


9. 95830 10 03161 
9. 95804; 10. 03136 


9.95890 10 03110 


919.9691 5 


10.0308 5 


9. 96940; 10. 13060 
9 2.5 10.0303 4. 


10 13353 
10. 13365 


10.13376 


10. 16894 
10. 16880 
10. 16867 


10. 13388 


10.13400 10. 10. 16839 


10. 7 16826 
10. 134231 f0. 168120 
10. 13435410. 16798 
10. 1344010. 16785 


10.143458 


10. 16853 


10.160771 


10. 13470 


10 13491 


10.13493 
10.13505 
10.13517] 
10.13528 
10.13549 
10.13552 
0.13564 


[0.13575 
1013587 


Tang. 


10. 16730 


10, 16757 
10. 16744 


10 16717 
10.165703 


10. 1669 1 
10. 16676 
10. 16662 
1016649 
10. 16635 


10. 16622 


nA 


Secant. 


47 Deer ges. 


— 


15 — 1 2 . 00O 


44 


K un == = p = 
* * 3 _ * —— —_ — 
1 * v7 ” . * = >, — = * ” 4a 8 " , \ 
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OS 
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A Table of Artificial Sines, 


45 Degrees. 


* E: 


5's ww on 1 2 4 4: nn 


19-8540119.99991 
-19.85389\ 9.97016 


9.80366|19.97007 


0019.8030019-97194 


Tang. 


0-86.41 ; 9.96956 


9.8037719-97042 


9-86354{9-97092 
9.8634. 219.97118 
9.8033019-97143 
9.863189.97168 


r 


9. 82 97219 
9.8628309.97244 
9.8627 19.972609 
9.80259|9.97295 


5 9.86212|9.97390 


119-$6128:9.97575 


9.80235|19-97345 
9.8022319.97371 


9 86200|9.97421 
9 86188 9.97447 


10 03034 
10.03009 
10.02984. 
10.02958 
10.0293 3 
10. 02908 
10.02882 
10.02857 
0.02832 
10.02 806 


10.02781 
1002756 
10.02731 
10.02705 
10 02690 


10.026595 
10.026629 
10.02604 
10.025779 
10.025 5 3 


986164997497 
986152997523 
9.35140/9.97 548 


9.86116|9.97599 
9.80104{9.97024 


9.85080] 9.97674 
9.850681 9.97700 
9.860050{9.97725 


Sine. 


9-8017019.97472 


9.86092 9.97649 


10.02528 
10.02503 
10.02477 
10.02452 
10 02427 
1002401 
10.023706 
10.02351 
10.02326 
10.02 300 
10.02275 


22 
J ang. 


| Secant. | 


10.13587 
DO AIP 
10. 13611 
10. 13623 
10. 13634 
10. 13646 
10. 13658 
10. 13670 
10. 13682 
10. 13694 


10. 13705 
10.13717 
10. 13729 
10.13741 
10.13753 
10.1370; 
10.13777 
10.13788 
10.1 5800 
10.13812 


10. 16622 
10. 16608 


10. 16595 
10.16581 


10 16568 


1016554 
10. 16540 


10.165 27 


10.165113 


10. 16500 


10. 16473 
10. 16460 


10. 16446 


10. 16433 
10. 16419 
10. 16406 
10. 16393 


10. 16379 


10. 16366 


10.13824 
10. 13836 
10. 13848 
10. 13860 
10.138772 


10. 13884 
10.1 3890 
10.1 3908 
10.13920 
10.13932 
10-13944 


10. 16352 
10. 16339 
10. 16326 
10.163124. 


10. 10.16299 


10. 10.1628 5 
10. 16272 


10. 16259 
10. 16245 


10. 16232 


10. 16219 


| Secant. 


40 Degrees. 


( 


5111 


Tangents, and Secants. 


43 Degrees. 


119.8005 


9.86044 


9.86032 


9. 86020 


9.86008 


9.97725 


9.97801 


Tang. 


—— — 


9.97750 
9.97770 


9927826 


8[9.85996 
9.85984 


9.95972 
9.85960 
288245 


9.85936 


9.97852 
9.97877 
9.97902 
9.97927 
2222 


9.97978 


9.85924,9.98003 


9.85912 
9.85900 


9.85888 


9.85754 
9.85742 
9.95730 
9.85718 
9.85700 
222 


dine. 


9.98029 


9.98054 
9.98079 


10.02275 
10.02250 
10.02224 
10.02199 
10.002174 


— ———— 


10.02149 
10.02123 
10. 2098 
10.02073 


1 0.02022 


10. 01997 


10.019701 


10.0 1946 


10.01921 
10.01896 
10,01870 
I0.01845 


110.01820 


10.01794 


Secant. 


10.413992 


10.002047 


10. 14088 


10.13944 


10. 13956 
19.1396 


8 
10.13980 


0. 14004 
10. 14016 
10. 14028 
10. 14040 
10. 1405 2 


10. 14064 


10. 14076 


10. 14100 


10. 14149 


10.1401 


10.1473 


10. 16219 
10. 16206 
10. 1619202 
10. 16179 
10. 16166 


— — — ER 


10.10152 
I0.160139 
I0.16126 
10.16113 
10.16099 
10.16086 
10. 16073 
10. 16060 
10. 160460 


10. 14112010. 16033 


—ͤ—F—Uö—äj3— — ern AE OI Ion vo, 


10.14124j10.,16020 
10.14136|10.16007 


10. 15994 
10. 15980 


10.01 769 


1001744 
10.01719 


10.01693 
10. 01668 


10.01643 
10.016017 
10.01592 


10.01567 
| 10.01542 


10 01516 


"E ang. 


10.15967 


10.141810. 15954 
10.141970. 15941 
10. 1420910. 15928 


nt! 


10.14234 


n 
10.150010 


10. 14246 


10. 14258 
1014270 


10. 14282 
10. 14294 
10.1 4307 


10.1 588d 
10.15875| 
10 15862 
10. 15849 
10.158360 
10.15823 


1 Secant. 


46 Degrees. | 


Ll2 


ow 5 


M. tov = od tet 


15111 


42225 $5424 
120j9-84437 


122 


25 


127 


130 


A Table of Artificial Sines, 


* 


44 Degrees. 


1 


Sine. 


erf 
119. 84190 


1809 84411 


2119 84450 

9.54403 
9.84476 
9.84489 


123 
24 


9.85693 
9.85081 
9.8 5669 
988657 
9.85045 
9. 9.85632 
9. 8-620 
9 85608 
9.85590 


9.85583 


| Tang. 


9.98484 
9.98509 
9-98534 
9.98 560! 
9.95585 
9. 9.98610 
9.98635 
9.98061 
9 98086 


9 98711 


9.85571 
9.85559 


9.85 547 
9.85 534 


9 85522 


9.8437209.855 10 


9.85497 
9.85485 
9.85473 
9.85400 
9.55448 
9.85430 
9.85423 
9.85411 
9.85399 


9 84502 
9.84515 
9.845 28 
| 2019: 84540 

2919 84553 
9. . 


26 


9.85380 
9:35374 
9.85301 
9.85349 
9.85337 
9.85334 


1 55 | 


Sine. 


9.98730 
9.98702 
9.98787 
9.98812 
9.908838 


— — 


9.98863 
9.98888 
9.98913 
9.98939 
9.98904 
9.98989 
9.99014 
9.99040| 
9 99065 
9.96090 
9.99116 
9.99141 
9.99166 
9.99191 
9.99217 
2:99242 


10.01516 
1001491 
10.014666 
10.001440 
10 01415 
10. 01390 
10.01 305 
10.01339 
10.01314 
10.01289 


10.01264 
10.01238 
10.01213 
10.01188 
10.001162 


10.001137 
1001112 
10.01087 
10.010661 
10 01036 


— — — 


10.0101 
10 00986 
1 0.00960 


10.0093 5 
10.00910 


10.00884 
10. ooð 9 
10.00834 
I 0.00809 
10,0078 
10.00758 


Tang. 


| 


Secant. 


10.14.307 
10.14319 
10. 14331 
10.14333 
10.143575 
10.1438 


10. 14380 


10. 14392 
10. 14404 
10.1441 7 
10. 14429 
10.14441 
10,14453 
10. 14460 


1.14478 


10. 14490 


10.14503 


10.145175 


10.14527 
10.14540 
10.14552 
10.14504| 
10.14577 
10.14589 
10. 14601 
10. 1414 
10. 14626 
10 14639 


10. 14651 


10. 14663 
10. 14676 


—— ( 


* 


10. 15810 


EW TIT IF 
10.15784 
10. 15770 
10. 15758 
i 
10.15732 
10.15718 
10 15705 
10. 15692 
10. 15679 
10. 15666 
10. 8 
10 15640 
10. 15628 
10.156175 
10. 15602 
10. 15589 
10.15570 


10.15550 


10.15 524 
10.155111 


10 15498 
10.1 5485 
IO 15472 
10.15460 
1015447 
$0154.34 

Dccant. | 


45 Degrees. 


| 


10.15823 


10. 10.155653 
1015537 


| 


—_—_— ad 


[ 513 ] 


Tangents, and Secants. 


44 Degrees. 


Tang. 


9.99242 


7] 9 99318 


ISS —ꝛ— 


9.99308 


— — 


9.99621 
9.99646 


—.—— 


9 99297 
9.99293 


9 99343 


9-99394 
9.99419 
9.99444 
9.99409 
9.99495 
9.99520 
9.99545 
9 99571 
9-99596 


9 99072 
9.99097 


9.99747 
9:99773 
9.99798 
9.99823 
9 9994.8 


. 


10.000758 
10.000733 
10. 00708 
10.006822 
10.0005 7 


10.0003 2! 
10 00606 
1000581 
10.005 56 
I0.00531 
[0.00505 
I 0.00480 
10.00455 
10,004 30 
10.00404 


Secant. 


10. 14670 
10. 14688 
10. 14701 
10.147713 
10. 14725 
10.14738 
10. 14750 
10. 14763 


10. 14800 
10.14813 
10 14825 
10. 14838 
10. 14850 


10.003 79 
10.00354 
10 00329 
10.00303 


10.14863 
10.1487 5 
10. 14888 
10. 14900 


1.14913 


10 007 
10. 253 
10.0022 

10.00202 
10.00177 
10.00152 


10.14925 
10.14928 
IO-I4951 
10. 14963 
10 14976 


10.000090 


9.99874 
9.99899 
9.99924 
9.99950 
9.99975 


10.00 126 
10.000101 
[0.00076 
10.00051 
10 00025 
10.00000 


| Tang. | 


10.14988 
10.151 
10.150114 
10. 15026 
10. 15039 


| 


10.154.34 
10.15421 


10.1 5408 . 


1015395 
10.15382 
10. 15370 


1015357 


10 15344 


IO.19331 


10.15318 


10.15300 
10.15293 


10,15280 


10.1 5267 


10. 15295 


10. 15242 


10. 15229 a 


10. 15216 


10. 15204. 


10. 15191 


10. 15178 


10.15 165 


10.15153 
10. 15 140 


10.151270 6 


— — — — — 


10.151715 


10.15 102 


10.15089 


10.150727 


10. 15064 


10. 1505 1010. 15051 


— — 


| 


Secant. 


45 Degrees. 


1. 


13 


A 


TABL E 


9 F T H E 


S Declination, 


From the Year 1757, to the Year 1788; for 


every Day at Noon under the Meridian of 
London. 


With a TABLE of Proportional Parts, to make it ferve for any 
other Meridian. 
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Declination for the Years 


- 
mo a _ 
” 


JE: CON I I dy bs s | 


Pay" 


. 
2 
e EY > ad 


| Feb, 
8. 

3 
16 58 
16 41 
16 23 
16 o 
15 46 
18 28 
15 Og 
14 50 
14 31 
14 11 
13 52 
8 
13 11 
12 51 
12 30 
12 16 
11 49 
11 27 
11 06 
10 4.5 
10 23 
lo Ol 
99 39 
O9 17 
8 55 
8 32 
O8 10 


April 
N. 
3 
O4 43 
o 6 
OF 29 
OF 52 
00 14 
ob 37 
ob 59 
O7 22 
O7 44 
08 o6 
08 28 
O08 50 
Og) 12 
09 34 
09-55 
10 15 
10 37 
10 58 
11 19 
11 40 
12 00 
12 20 
12 40 
13 oo 
1220 
13 39 
{3 $6 
„„ 


5 . „ ee : 


11 


1757, 1761, 1765, 1769, 1773, 1777, 1781, 1786, 


each being the firſt after Leap Year. 


15 ID „ "SALE | 


Il 


| July | Auguit| Sept. | Oct. 
N. N. N. 8 

. SE] 
33 8/17 5B4 08-104 03 20 
23 037 43107 49|03 44 
22 38 17 271-07 / gn ) 
22 53 17 110% 0404 30 

22 48 16 55 86 42 04 53 
22 42 16 3906 20|og 16 

| 22 35016 22005 5705 39, 
22 2816 O56 05 34 06 52 
22 2115 480 1206 25 

22 1415 3004 4900 48 

22 0515 1204 26|07 11 

21 5814 $4104 030% 34 
21 4914 36003 400% 56 


21 31 22 54 
2t 2113 40 02. 3109 03 
21 113 210 O7 og 23 
21 G03 o1ol 44 09 47 
20 50 12 42101 2110 og 
20. zi 22e 51e 30 


19g 50011 Ol 

19g 370 40] 01 dei 16 
19 24/10 19 ol 23 12 36 
Ig 10009 5801 47 


18 4309 1502 34413 37 
18 28108 54/02 8713 37 
18 1308 32 114 17 


Nov. 
8. 
N 
14 36 
7 
1 13 
15 32 
15 58 
16 8 
16 26 
47 Of 
17 —18- 
17 3412 
$7. £44 
18-07) 
„ 
18 : 38 
18 53 
19 08 
TR HE 
19 36 | 
19-: 50 
20 03 
20 16 
20 28 
20 41 
20 52 
21 0s 
3 15 
21 25 
21. 36 
3 


| Decem. 
8. 

8 
21 55 
22 04 
22 12 
120 
22 28 
* 338 
22 42 
22 48 
22 54 
22 59 
23 04 
23 09 
23 13 
37. 18 
23 20 
23 22 
23 24 
23+ 26 
23 27 
232 28 
23 29 
23 28 
23 27 
2 
23 25 
23 23 
23.20] 
1 
23 14 


10 


Ard | 


© 1 — 1 


— 


= TABLE 7 hs Sun's Be 2 the 7 ears 


61 04 


361 03 


March | April 
* 
9 
07 30 fo 37 
0 o/ [og o 
| 06 4405 
o6 21 lo; 46 
os 58 job og] 
o 34106 
os 11 06 54] 
O4 48 07 
O4 24107 39 
on [o8 Ol} 
03 3708 
14 108 45 
oz 50109 97 
o2 27109 
oz 03 O 
OL 39418 
ol 15110 
8 5 
oo 28 11 
98 O4 ir 35 
N. 19411 
o 43 12 
or 07112 
91 30 12 
21 54413 
82 1713 34 
o 4113 53 
23 og [14 
[03 27 114-3 
03 53114 59 


„ 
_ _ 


8A 


Þ v3 - =| 5 9 An | | 


TEES: 


4 
2 


2 


84 W HN 
S Þo9 


18 
90 


238 


CSF -- 


1758, 1762, 1766, 1770, 1774, 1778, 1782, 1786, g 
each being the ſecond after Leap Year. | * 


uly j Auguit | Sept. Oct. Nor. | Decem. | 
S N. . N E 
3 . . — Le 
E123 8 is 2 [os 16 03 1 5 14 3121 33 
223 0417 47107 5403 38 14 5022 02 2 
32 5917 31% 32 0% 01. | 15 og 22 10 3 
4122 547 15 J07. too 2415 2822 181 4 
22 4916 5906 47 4 48 1 46 22 26] 5 
4. 6722.:43]16 43 Jo 25 fog: 11 {16 04|22 33 6 

7122 3716 261406. 03} 05: 34 16 22 22 40 7 

8122 3016 og ſoy 400 57 | 16 40 22 47 8 
1922 2315 52% 05 1706 20,16 57 22 33 9 


FFV 
10122 16015 34104 55106 43 17 14 


22 58 10 


i 3 
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A Taz of the Sun's. 


Declination for the Years 


PX 


© ew one ww. 


— _ * — - * * KO 
———— 7 n e SE » 
I Ren I. On OS 3 
— ware a — 


e 


* 


n 


bt 
$ . 
4 
* 


Feb. 
Rn 
7 o7 
16 49 
1116 32 
16 14 
|15 56 
343-377 
15 19 
ts 00 
41. 
„ ZE; 
I4 O2 
13 42 
13 21 
13 82 
8112 41 
12 20 
5 
1 30 
T1: 27 
10. 56 
1 34 
PoE: © 
99 50 
09 28 
o ob 
08 44 
08 21 
. 


April 

N. 
DER Be 
O4 31 
04 54 
1 
o 40 
06 03 
o6 25 
06 48 
07 TIO 
Of: 35 
— 
08 17 
08 39 
09 OI 
on 
99 44 
10 05 
10 27 
10 48 
11 08 
11 29 
. 
1 10 
12 30 
12 50 
13. 10 
13 29 
13 48 
5 
14 26 
14 44 


W 


8 „ elne 9 | 'S{eq 


521 g 


1759, 1763, 1 767, 1771, 1775, 1779, IT 1787, 
each being the third after Leap Year. 


Augult | 
N 


Tow ole lee 


06 

54 

35 

20 

7 O 
16 47 
16 31 
14 
1 36 
15 39 
21 
. 
14 45 
3 

14 08 
33 
13 
"i 
12 

þ 52 
32 

11 
3 
10 30 
10 09 
o9 48 
| * ah 
o Og 


Decem. | 
8. 
"PE 
21 50 
21 59 
22 68 
22 18 
4422 24 
22 31 
22 38 
22 45 
5 
22. 57 
423 02 
23 87 
23 12 


23 15 


23 18 


3 „ 
„ 
23 25 
23 27 
23 28 


— — —ͤ—n— s 


{ 


TT 00 G 3 to * : 


* q 
— 


© 00 Gib is by lf] SAL : 


„ 


N 


Declination for the Years 


” 8 


10 


* 


Jan. 
8. 
2 / 
23 03 
22 58 
22 52 
22 46 
22 40 
22 33 
22 26 
22 18 
$3: 
22 01 
. 
21-42 
21 32 
1 
. 
20 50 
20 48 
20 36 
20 24 
3808 11 
e 
19 45 
19 31 
3 
19 02 
18 47 
18 32 
18 16 
18 oo 
744 


Feb. 
S. 
1D 1 
17 11 
+87 
16 36 
16 18 
16 oo 
15 42 
16 23 
15 05 
14 45 
14 26 
14 07 
13 47 
„ 
13 06 
12 46 
12 25 
12 Og 
Ii 43 
I 
. 
10 39 
10 18 
0g 56 
99 34 
O09 11 
08 49 
08 27 
08 4 
07 4 


March 
9. * 
3 
OT. YG 
00 56 
06 33 
06 10 
O5 45 
DF. 23 
o OO 
O04 36 
O4 13 
03 49 
oz 26 
93 82 
O2 39 
92 Ig 
2 
01 28 
OI 04 
oo 40 
OO 17 
N o7| 
— 
00 54 
OI. 18 
OI. 42 
O2 05 
92 209 
9 52 
Os 10 
9 39 
O4 OZ 


April 
N. 
8 
O04 48 
a 
Wy 2 
SY "37-4 
06 20 
06 42 
O7 5 
BF.” 
07 58 
99 12 
08 34 
08 56 
9 
09 39 
10 oo 
to 22 
19 43 
1 
5 
IT. > 
12 85 
12 "2x 
i. 45 
13 5 
33 
13 44 
14 03 
14 21 
14 40 
14 58 


May 
N. 
3 
15 17 
15 30 
18 52 
16 og 
16 26 
16 43 
1 0 
17 20 
7 vs 
17 48 
18 03 
18 18 
18 33 
1 47 
19 OI 
19 15 
19 29 
19 42 
95 
20 97 
20 19 
20 31 
29 43 
20 54 
2 
7 WS «+ 
21 25 
1 
21 44 
8 


June 

N. 

. 
22 og: 
22 17 
22 24 
22 31 
22 38 
22 44 
22 650 
„„ 
23 00 
23 05 
<3. 99 
1 
23 16 
23 19 
23. 22 
24 
0 
23 27 
23 28 
23 29 
23 29 
23 28 
2 
243. 26 
23 24 
. 
23-20 
3-37 
23 14 
23 10 


© ow olvnsw nv -| Seq | : 


== 
— 


. 
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1760, 1764, 1768, 1772, 1776, 1780, 1784, 1788, 1 
each being Leap Years. © 
8 July | Auguſt | Sept. | OR. | Nov. | Decem. 
8] N N. N. 12 85 8. . 
.. 
1423-06117--58 08 0503-26] 14 40% 571 
2 23 02117 3907 43103 4914 5922 06 2 
322 577 23% . 21104 134 15. 1822 143 
4422 52117 0707 59104 3615 3722 221 4| 
22 4616 8106 37j04 595 55|22 30 5h. 
622 40 16 35]o6 14/05 2216 1322 37 | 6 
2.1 22 3416 i8 os 5205 456 302 4317 
822 2716 00[.og 29,06 08] 16 48|22 50 81 
0122 201 5 ; 43 o 0606 3117 22 551 9]. 
1022 1215 2604 4306 5417 2623 1 10 
1122 0415 08 [o 21007 1617, 3923 0511 
12121 5614 5003 58807 3917 5523 1012 
11321 4714 zi oz 3568 118 1123 1413 
14 21 38 i 1363 11508: 2418 2663 17 144 
11021 28113 54102 48103 40 18 4123 2015 
16121 1913 35 o 2509 0818 57 23 2316 
17121: 08143; 60 209 30% 0 11 217 | 
1820 5812 56|o1 3809 5219 25 23 2618 
11920 4712 370 15 10 1419 3923 2819 
2020 3612 17 00 92 10 306 19 53] 23 2920 
2120 2411 57 | 00: 28 10 5720 623 29 21 
2220 ii 37 oo 651 1820 1923 2822 
123120 O01 16 8 19% 39 20 3123 27 23 
2419 470 56 oO 4212 90 20 4323 26 2 | 
[26119-34140 35 [or 05% 21 20 55 21 24 25 
26119. 210 140 t 292 4 21 56 23 22 26 
2719 o7]09 5301 213 9221 1723 19 427 
2818 53199 32 62 16113. 2221 2823 1628 
40 18 398909 ioo 390 13 4221 3823 13 129 
3018 2508 4919393 14 02 21 4823 0g [30 
| EL | tn 10108 $71. 14 21 23 0431 


[ 524 ] 


A TazLe of the Variation of the Sun's Declind= 


tion to every 15 Degrees of — from the 


Meridian of London. 


Degrees of Longitude frem the Meridian of London. 


| 


; 


4 Daily (D | D. D. D. 90. Deg. | Deg. | Deg. | Dep. | Deg. Deg. 
Vari 014506075 90 105 [120 [135 [150 [165 [180 
Min. |[M] MIM| MEV M Min.] Min. | Min. | Min. | Min.] Min. 
2 oo oo ooſ oo 00100] or | ol | or | or | or | o1 
3 [oo oo oo oojo1j01] or | ol | at | or | or,| Ol 
4 [oo[ooþoofor}orjor] or | o2 | oz | o2 | oz2 | 02. 
5 [oojoo[orjoijorjor] or | oz | oz | oz | oz |_02 
6 [ooſooþo1]o1]01]01] o2 | o2 | oz | oz | oz | 93 | 
7 joojorjoijoljoiioz} o2 | oz | oz | oz | 03 | 23 | 
8 JooſorJoifo1ijozjoz| oz J og | oz | 63 | og | 94 
9 joojonan toner 0z_| 03 10x [04] 04 |. 
10 ſoojotſor[02[02|o02| oz | oz | oz | o4| og | ©5 | 
11 [oojo1jor|oz[ozjo03] 03.] os | oz | og | og | 5 |] 
12 joojoi[o1|02|02|03] oz | oz | oz | og | og | ©. 
13 jo11ot102102103103] 04 | 04 | og | oz | ob 0 
14 foiſoiſoz oz ogg og | og | og | o6 | os 7 
_ 15 joxjorſo2[02103104} os | os | 66 | ob | o7 | 07 
16 |oijot]o2|o03[03loa} os | og | ob [or For | | 
17 foiſoiſozſ ooo o5 | ob | o6 | o7 | o8 | 0B. 
18 jol]olſoz|03J04ſ04 os | ob | o7 | o7 | o8 | ©9 
19 Jolſozſo2|ozlo4jog| ob | ob | o7 | o8 | og | 99 
20 Jol[o2[02]03104/o05] o6 | ob | o7 | 08 | og | 109 
21 jolſo2[03]03[04/o05] o6 | o7 | o8 | og | 10 | 12. 
22 jor]o2[oz|o4log|o5| o6 | o7 | o8 L og] 10 | It. 
23 |o1jo2z[o3]o4o5106] o7 | o8 | og | 10] 11 | 11 
13 24 J01 02103 | 08 10 


i 


04105] 06| 07 


| 

„ | | 
* 
| 


| 
} 
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A Ta BLE of the Declinations of ſome of the mf 


3 fixed Stars. 


1 : 


zzzz | oa |. 


| | Stars Names Declin. | 
IC CHEDA R, in the Breaſt of Cal Fopeia — | 55 O2 
I The bright Star of Aries — — — 22 08 
Aol, the Head of Meduſa — — -—|39 52 
| Aidebaran, the Bull's Eye — — — 115 55 | 
The Goat Star Capella — — —|45 41|N} 
_ | The Heart of Hydra _ — 249, 20 8 
The Middlemoſt Star in Orion' 8 Beit — — 101 2518 
The Dog Star Syrius — — — — 116 2118 
Procyon, or the little Dog Star — — o 54 N 
| Caſtor, or the Head of the Northermoſt Twin — 32 27|N 
Pollux, or the Head of the Southermoſt Twin — [28 39 N 
Regulus, the Lion's Heart — — — 13 17 N 
I] Deneb, the Lion's Tail — — — — 116 6 N 
_ I The Virgin's Spike — — —log 4381 
Antares, the Scorpion's Heart — — — 25 47 9 |. 
{The Southermoſt of the two preceding Stars) . IN 
I in the Square of the Great Bear — — 137 31 | 
The Northermoſt of the ſame Two — —|63 13] N| 
| The Southermoſt in the two NOS Stars 1— 5 
in the Square of the Great Bear — —{\ 1 | 
[The Northermoſt of the ſame Two — — 58 34| N| 
| The Firſt in the Tail of the Great Bear — — [57 28| NI 
The Second in the Tail — — — | 66 22 NI 
The laſt of the Three i in the Tail — — — 50 42 N 
Arturus — — 20 39 N 
Hra, the bright e Star j in. the Harp — — 138 33 NI 
| /ltair, the bright Star in the Eagle — —o8 10 N 
| [The preceding of the two middlemoſt in the Croſs 57 1118 
The Northers Foot of the Cro/5 — — 55 3008 
The Southern Foot of the Croſs — — 161 3118 
1 3 of the four Stars 1 in che Cree _ — 1 58 068 


T IV IS. 


— — FTF nl . ¶ꝗ³ . aa ir Artes rome po net oy, 


1 


4 


CEE WAS 4 


* 


